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ABSTRACT
The technique of recoilless resonant absorption (the
Mossbauer effect) was used to measure the g-factor of the
3/2-, 99 KeV state of Pt-195. The source was single line
Au-195 in Cu. The absorber was ferromagnetic Pt-Fe alloy
(3 at % Pt). The sign of g(3/2-) was established as neg-
ative by polarizing the absorber parallel to the direction
of propagation of the gamma rays (perpendicular to the ab-
sorber disc plane). g(3/2-) = -(0.40 ±0.10).
H (Pt) = (1.26 +0.10) x 106 gauss. Experiments on alloysint
with higher platinum concentrations established Hint (Pt)
as very weakly dependent on platinum concentration.
The g-factors of the first 2+ states of Pt-192, Pt-194,
and Pt-196 and the g-factor of the second 2+ state of
Pt-194 were determined from the measurement of the Larmor
precession ofr- 'angular correlations through the 2+ states.
For the Pt-192 and Pt-194 cases, sources of Ir-192 and
Ir-194 in Ir-Fe alloy wire (3 at % Ir) were used. It was
assumed that the magnetic field at the Pt nucleus in
3 at % It Ir-Fe alloy was the same.as the field at the Pt
nucleus in 3 at % Pt Pt-Fe alloy. The Mossbauer experiments
were performed at P 4.20 K and the angular correlation
experiments done at ~ 3000 K. A Curie temperature e'ual
to that of pure iron (7690 K) was assumed for the Ir-Fe
alloy. A small electromagnet provided an aligning field
of about a thousand gauss. For the Pt-196 measurement, a
source of carrier free Au-196,-195 diffused into iron wire
was used. We found Hint (Pt) in this source by using it
as a Au-195 in Fe Mossbauer source; the internal field
was anomalously low, (o.85± 0.12) x 106 gauss. The reasons
for this low field most probably can be traced to source
preparation.
Pt-2 -194 -16REUT
2+ Level Correlation Experimental
Correlation g
Coefficients
Pt-192 4-2-0 A2 = 0.096±0.002
316 KeV (468-316) KeV A = 0.007+0.003 04
Pt-194 0-2-0 A2 = 0.23±0.02
328 KeV (939-328) KeV A = 0.82+0.02
(1151-328)KeV 0.32+0.05A2 = 0.12+0.02
A4 = 0.66+0.02
Pt-194 0-2-0 A2 = 0.22+0.022 0.18+0.05622 KeV (645-622) KeV A = 0.88+0.03
Pt-196 2-2-0 A = 0.077+0.002
356 KeV (333-356 KeV) A4 = 0.318+0.0034
Spehl et al (SKR-65) has measured g(2+ of Pt-194) as positive;
we established g(2+)Hint(Pt) as negative; therefore Hint(Pt)
is negative.
Our magnetic moment results indicate that core-particle
coupling schemes in simplified form do not predict the correct
magnetic moments for the first excited 2+ states of Pt-194 or
Pt-196. Further the only theoretical prediction of the values
of the g-factors of the first 2>plus states is considerably
higher than our experimental values. The large difference
between the g-factors of the first and second excited 2+
states of Pt-194 is evidence that the structures of the two
states are significantly different.
Mossbauer experiments with the 99 KeV line of Pt-195
using various sources and absorbers gave the following Debye
temperatures: 9D(Pt in Pt):(238+20)OK. aD(Pt in Cu):(220±2n)oK.
9D(Pt in Be):(220±30)°K. D (Pt in Ir):(315+35)oK.
9D(Pt in Fe) :v275 0K.
The Mossbauer effect of the 5/2 , 129 KeV level of
Pt-195 was also looked for; no unambiguous effect was
oblserved. However the expected effect was of the order of
our experimental uncertainty.
Thesis Supervisor: Lee Grodzins
Title : Professor of Physics
Pt-192, -194, -196 RESULTS
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I. INTRODUCTION
A combination of Mossbauer effect and angular correlation experiments
was used to measure magnetic moments of first and second excited states of
several platinum isotopes.
A measurement of the magnetic moment of an excited state is basically
a measurement of the hyperfine energy splitting in the presence of a
magnetic field. The energy of a magnetic dipole, u , in a magnetic field, H ,
is:
E -u.H = -guNmH where g =
and
LE = guH
is the quantity measured.
With the Mossbauer effect, which measures the precise energy of a
transition, the hyperfine splitting of the ground and the excited level is
directly seen: the separation of two lines in the Mossbauer spectrum is
S= H ( ago + bgex )
where a and b are easily derived numbers depending on the spins of the
excited and ground levels, the multipolarity of the transition, and the
specific lines considered.
In an angular correlation measurement, the angular distribution of a
cascade is observed, and only the intermediate state enters into the result.
The quantity measured is
AE = gexuNH = aw L
where wL is the Larmor frequency.
In order to measure wL directly, it is necessary to have a time
resolution To between the cascading y-rays which is short compared
to 1/wL. 10 l 9 seconds is the effective limit of present electronic
time resolution. Therefore for very short lived states, ~<«< l/wL and
7"<< T- , it is not possible to observe the full Larmor frequency, but
we must be content with observing a small angular precession
A = wL 1 - = g exu 7-
h
In order to measure gex the magnetic field, H , at the nucleus must
be known. When H is applied externally, by a magnet, the determination of
the magnetic field is simplified: often, to first order, the magnetic field
at the nucleus is the magnetic field applied by the magnet. However the
largest magnets produce only 80,000 to 150,000 gauss, and they are difficult
to work with. More usual are magnets of 15,000 to 45,000 gauss. Although
many magnetic moments can be measured with such fields, very small g-factors
or very short lived states require stronger fields.
The magnetic field at a nucleus dissolved in iron may be as high as
1,500,000 gauss: 100,000 gauss is a relatively modest internal field. (Sw-65).
However the measurement of an internal field can be difficult.
Angular correlation is incapable of simultaneously measuring gex
and H ; one always measures their product. On the other hand, the Mossbauer
effect can simultaneously measure g and H provided the ground state magnetic
moment is known and the lines are at least partially resolved. Thus the
determination of an internal field by the Mossbauer effect may make possible
the measurement of certain g by angular correlation.
Each method has its limitations. For the Mossbauer effect they are:
(1) The transition must be to the ground state of a stable or very
long lived nucleus ( t> 106 years).
(2) The transition must be low in energy: E ~, 150 KeV.
(3) gexH must be greater than about 0.25 the observable line width r.
Since r t = -12
n 0.e92 2, this puts a limit of about 700x10 seconds on the half
life of the level, if gex = 1.0 nm and H = 100,000 gauss.
For angular correlation, the condition corresponding to (3) is:
wT must be greater than about
(a) .06 for a 4-2-0 correlation
(b) .004 for a 0-2-0 correlation
to measure &Q. This means the half life of the level must be greater than
about (a) 84x10 2 seconds or (b) 6x10l 2 seconds, if g = 1.0 nm and
H = 100,000 gauss.
The states in the even-even platinum isotopes are short-lived and
require the integral technique using internal fields. The measurement of
Hin t is done with the 99KeV line of Pt 195 using the Mossbauer effect.
The integral correlation method measures one parameter, jA , and
the interpretation of the results requires an understanding or a separate
measurement of extraneouspertubations. A discussion of the nroblems that
may arise follows:
(1) Non - Equivalent Sites
'hen impurity atoms are diffused into a host, there is a chance that
not all of the atoms will go into equivalent sites. This may cause a
spectrum of magnetic fields and electron densities to interact with the
impurity nuclei. Both effects will increase the width of the Mossbauer
lines making measurement of splittinms less accurate. Moreover, if the
resolution is Door to begin w'rith, the accurate inter.re-tation of the
Mossbauer spectrum requires an accurate lknowledge of the line width.
Non-unique field-s show uL in time dependent angular correlation by
attenuatin: the angular precession. The electron density at the nucleus
does not affect angular correlation results.
(2) Quadrupole Fields
An electric field gradient may exist at an impurity site, even when
the host is cubic. The impurity atom distorts the lattice, and even if it
sits at a lattice position its environment may not be cubic. However the
electric field gradient is usually very small, particularly if the impurity
concentration is low. The quadrupole interaction splits a level into
sublevels of Iml, which causes a magnetic Mossbauer pattern to become
asymmetric. The lines are also broadened. In angular correlation the
angular precession is attenuated.
(3) Non-Equivalent Sources
There is the danger that the internal field may not be the same in
the Mossbaueriand angular correlation samples. HINT may vary with impurity
concentration, heat treatment, magnetic and cold-working history, and
ambient temperature.
(4) Excited Electronic States
The processes that lead to the excited state, particularly K-capture
and internal conversion, disrupt the electron shell and thus affect the
magnetic field, electric field gradient, and electron density at the nucleus.
Integral correlation has shown that, in a metal, the electron shell returns
to normal in about 10-12 seconds. (S-65). Therefore, for half lives
10-11 seconds these effects must be considered.
All of these effects were measurable in a study carried out by
Dt. eutsch, A. Buyrn, and L. Grodzins of the magnetic moments of excited
states of Sn , Sn , an19 c ,Sn20 The 24.4 KeV Mossbauer level of Sn1 1 9
was used to determine the field at tin in iron, and the moments of the
118  1205 states of Sn and Sn were measured by angular correlation in the
same internal field. The paper is reproduced on the following four pages.
In the present work on the platinum isotopes, these effects could
not be accurately measured. It is argued in the thesis that they were small.
The energy levels of interest in the isotopes investigated are shown
in the following figure.
In the present work, the magnetic field at the platinum nucleus in
a Pt-Fe alloy absorber (3 at % Pt) was measured by analysis of the Mossbauer
hyperfine spectrum of the 99 KeV line of Pt1 95 . Then Ir-Fe alloy (3 at % Ir)
was irradiated with neutrons to make Ir192,194 which decays to Ptl
92,19 4
If it is assumed that the magnetic field at Ptl92,1 94 nuclei in an Ir-Fe
alloy source is the same as that at Pt1 95 nuclei in a Pt-Fe alloy absorber
(1,260,000 gauss), angular correlation can measure the g-factors of the
following levels:
Pt 1 9 2  2+  316 KeV t 35 p sec
Pt194  2+  328 KeV t= 35 p sec
Pt 1 9 4  2 +  622 KeV t, = 57 p sec
In addition, it was possible to measure the g-factor of the level:
Pt 1 9 6  2 +  356 KeV ti/ = 30 p sec
with a source of Au1 95, 1 96 diffused into iron. The magnetic field at the
platinum nucleus in this source was directly measured by the Pt 1 9 5
Mossbauer effect.
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Magnetic Moments of 5 States in Sn and Sn
M. Deutsch, A. Buyrn and L. Grodzins
Laboratory for Nuclear Science,
Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA
The magnetic moments of the 5 states in Sn118 and Sn120
at 2.32 and 2.30 MeV respectively, have been determined by precessing
gamma ray-gamma ray angular correlations in an external as well as an
internal magnetic field. The pertinent parts of the decay scheme are
shown in fig 1. In the first experiment aqueous solution sources were
used. The techniques and equipment have been described previously. The
angular correlations were first shown to be unperturbed over three mean
lives by measuring the anisotropy as a function of delay time. The
precession of the correlation as a function of time in an external field
of 28 kOe was then determined. The g- factors of the 5 states were found
to be
g = -0.06 + 0.01
in both cases. The low value of g H made more precise measurements
difficult.
In the second experiment, carrier free sources of Sb118 from
In(c,n) and Sb11 9 ,120 from Sn(d,n) and Sn(d,2n) were diffused into 6 mil
thick pure iron foils. The internal field at the tin nuclei was determined
by measuring the Mossbauer hyperfine spectrum of the 24.4 KeV transition
in Sn fed from Sb One such spectrum is shown in fig. 2a.
The internal field, determined from the splitting and the measured value of
the ground state magnetic moment, is 78.5 + 3.0 kOe. This value, which
agrees with that determined from the isomeric Sn ' diffused in iron, may
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Fig. 2a. MWssbauer hyperfine splitting pattern. The source
polarized perpendicular to the photon momentum.
W(n) - W (ITT)Fig. 2b. Typical curve of R = 2 W(versus delay timefor b118m i() + W()for Sb11 8m in iron.
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be compared with the value of 190 kOe found by Pipkin* for the internal
field at the Sb nucleus when Sb is dissused in iron. The electronic
states of tin in iron must reach equilibrium after internal conversion
and K-capture in a time less than 10 sec
The source of Sb 1 9 - 12 0 diffused in Fe was placed across the poles
of an Alnico "C" magnet so that the magnetic field was perpendicular to
the angular correlation plane. The correlation was determined as a
function of time; one such result is shown in fig. 2b. The g-factors for
the 5 states were determined to be
2.34 MeV, 5- state in Sn g = -0.060 + 0.005,
1202.30 MeV, 5 state in Sn 1 2 0  = -0.056 + 0.005.
These values agree surprisingly well with that predicted using the shell
model assignments of jIh s,1 5-> for the two neutrons.
Finally, the lack of attenuation of the angular precession indicates
that no major perturbation on the correlation due to internal quadrupole
fiel(ds or non-unique magnetic fields are present at the tin nucleus in
iron. The widths of the TMossbauer Hyperfine lines ( 1.5 times greater
than theoretical) must be due to isomer shifts.
*(PSW-63). More recently, 3. N. Samoilov et al have reported
H int (Sb in Fe) as 250 kOe. (Post deadline paper given
at Ninth International Conference on
Low Temperature Physics, Columbus, Ohio, September 1964.)
20O
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A. Background: The Mossbauer Effect
In 1961 Rudolph Mossbauer was awarded the Nobel Prize in physics for his
discovery that, if a nucleus is bound in a crystal, nuclear gamma ray emission
may take place with the entire crystal absorbing the recoil momentum. Thus no
phonons are excited in the crystal. The probability for this Mossbauer effect,
or recoilless gamma ray emission, is given by the factor
20o 23E2 4T2  x dx
f = exp (1+ - - )+
DD 04Mc2 k2 e -1
where 0 D' to first approximation is the Debye temperature of the crystal.
SE is the energy of the gamma ray, M the mass of the nucleus, and T the
temperature. For such emission the mean energy of the gamma ray is exactly the
energy of the nuclear transition; its shape is Lorentzian ( ), and its
1 +oDX
line width is determined by the lifetime of the nuclear level. Nuclear
resonant absorption and scattering, without recoil, also take place, with the
same line shape and width. The literature on the Mossbauer effect is extensive
and detailed; several comprehensive references are listed in a special section
in the Bibliography. The followin: pages are intended to be only a brief
survey of the topics important in this work.
The f-factor is strongly dependent on temperature, and is appreciable
( > 1% ) at room temperature only for very low energy transitions such as the
14 KeV line of Fe57 and the 24 KeV line of Sn119. However at 40K, the
Mossbauer effect can be observed for gsama rays as high as 150 KeV in energy.
In practice, the Mossbauer effect is observed by resonantly absorbing or
scattering the recoilless gamma rays. This requires that source and absorber
21
be the same isotopic species and that the transition terminate on the ground
state of a stable or very long lived.nucleus ( . 106 years). By moving
the source relative to the absorber - applying a Doppler shift - the
emission line may be shifted off resonance. The observed curve of
absorption versus velocity has a Lorentzian shape, but its width is twice
that of the emission or absorption line.
The cross-section for resonant absorption is
r 2 F
Cabs (  ) = 6-2 2('"r
ex 2irX 2
where 6 = 21 + 2 1 rO 21 + 1gr
) is the wavelength of the gamma ray, F is the full width of the level,
F is the fraction of deexcitations that go by way of the gamma ray, and E
is the mean energy of the transition. From this, the Mosc:bauer "mean free
path" may be written
2 2Iex + 1 B
1/ = 21 +1Moss 2I + 1 1 +ot f
gr
where B is the branching ratio from the excited level, OK is the internal
conversion coefficient, the isotolic density, and f the recoilless fraction.
The maximum absorption as a function of thicknes~ of atsorber is 1•].r? in
Fi,-ure 1q. The absorption is not -purely exponential because both emission
and absor-ption lines have a wit:the w-%incs of the emiss--ion line are absorbed
less strongly than the center. This effect increases the itj, of the
observed line andr for- -thnI-n nYk=7 z'Xr ;4 -
Moss' Z) -.. Lr. J k1 ,il0 C ;
Nuclear Environment
The energy of a nuclear level can be measurably affected by the
environment of the nucleus. These effects may be separated into multipole
L
i;
p o00
0
p
K
5
p
.o
crder, of which only electric monopole, ma.gnetic dipole, and electric
quadrutpole are important. The effect of temper-ature and gravit.ational
-potential - relativistic effects - have also been observed.
1. The Electric Monopole Interaction: The Isomer Shift
If the charge radii of the ground and excited states of the nucleus
differ, the energy of the transition will depend on the electron density
at the nucleus. Therefore, if source and absorber are different compounds,
or are imbedded in different hosts, the maximum of the absorption curve will
be displaced from zero velocity. The expression for this isomer shift is
_ 2 Tr ze 2 ( R 2 ) (/ 2(0) /2 2 / (o) /2
5 ex gr a s
where R and R are the charge radii of the excited and ground states, and
ex gr
/ >(o) /2 is the total electron density at the center of the nucleus in the
source ( s ), and absorber ( a ).
2. Electric ^Iuadrupole Interaction
The energy of interaction between a nuclear electric quadrupole moment
Q, and an axially symmetric electric field gradient eq is
2 2
E= e 3m  - I(I + 1)
4 I(2I - 1)
where I is the spin of the nuclear level and m is its component alone• the
axial direction. This interaction splits the nuclear level into sublevels
depending on the absolute value of m, ;3nd hence splits the transition.
For the case of an I = 3/2 to I = 1/2 transition, the first level is
split into two, separated by
2
2
The second is unsplit; therefore the observed absorption curve is split
in two. The electric field gradient is zero in cubic lattices.
3. Magnetic Dipole Interaction
The energy of interaction between a nuclear magnetic dipole moment,
u, and a magnetic field.H, is given by:
E= -U*H = -gHmun
where g, the nuclear gyromagnetic ratio equals u/I, and m is the component
of I along H. The nuclear level is thlus srit into 2s ÷ 1 slhlr.----.
Figures 5 and 6 show the transitions between states of I = 3/2 and I = 1/2
in the presence of a magnetic field. Figure 7 is a schematic drawing of
the absorption curve for the case of an unsplit absorber and a split source,
or vice versa. However the 3:2:1:1:2:3 intensity ratio will hold for the
case of a split absorber and unsr)lit source only if the thickness of the
absorber for the most intense line is less than about 1/4 X Moss. The
magnetic field may be supplied either by an external magnet or an internal
ferromagnetic field.
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B. EXPERIMENTAL TECHNIQUES
1. Mossbauer Effect Apparatus
Two systems were used. The first, described in Section A, had a
constant velocity mechanical drive. The second, described briefly in Section B,
had a constant acceleration electronic drive.
A. Mechanical Drive System
A schematic drawing of the mechanical system is given in Figure 8.
For the lower speeds, 0.05 to 1.4- cm/sec, a 1/8 hp Bodine motor (DC .shunt
wound, 1750 rpm, with 6:1 gear reduction) was used. The higher speeds, 0.12
to 4.0 cm/sec, were taken with a 1/2 hp direct drive Bodine motor. A belt
drive connected the motor and a constant velocity cam of 1/8 inch throw.
With the high speed motor a one inch pulley was used; with the low speed motor
a two inch pulley was used. The pulley on the cam shaft was twelve inches in
diameter. The cam pushed a rod which was about thirty inches long, and the
source was taped to the end of this rod. Nylon tape was stuck on the cam
follower, providing a low friction surface which reduced wear of the cam.
Source and absorber were held on the ends of stainless steel tubes
of ten mils wall thickness. The source tube was 3/8 inch in diameter; the
absorber tube 3/4 inch. The absorber was 3/4 inch under the source. 1 3/8 inches
below the source was the first of three beryllium windows of the Dewar. The
counter was about five inches below the source. The geometry of source, absorber,
and counter was such that all detected gamma rays passed through the absorber.
The detector was a 1 3/4 inch by 3/4 inch thick NaI(Tl) scintillation
counter. 30 mils of cadmium was placed directly on the counter to reduce
pileup of the 67 KeV Pt K X-ray. For the weaker Au195 in Ir source, 15 mils
of tin was used. In all experiments, the counting rate at 129 KeV from
X-ray pileup was less than 5%. This was calculated by assuming a resolving
time of one microsecond.
The dewar, purchased from Andonian Associates, Inc., held liquid
helium for twelve to eighteen hours, depending on factors which were never
completely understood by this author. With liquid nitrogen in both resevoirs,
liquid nitrogen survived in the inner resevoir for at least four days. A
bellows arrangement permitted operation with any pressure in the center tube
of the dewar, although a pressure of about one-half atmosphere of helium was
used to insure good heat transfer.
The drive system was mounted on the top of a hydraulic lift and the
dewar suspended from the movable platform. The dewar was filled with liquid
helium in the raised position from a can of liquid helium raised on a second
lift. Three carbon resistors attached at various heights to a rod inserted
in the liquid helium resevoir monitored the level of liquid helium.
Electronics
Figure 9 gives a block diagram of the electronics. Pulses from the
counter were fed through a preamplifier to a Franklin amplifier (model 358)
wi.Lurl Iert il UL±discriminator. The counts were recordae in two gated scalars.
The scalars were gated by photoelectric relays mounted on the drive platform.
An occulting disk, slightly more than half a circle to eliminate end point
effects, was mounted on the cam shaft. Thus one scalar recorded counts while
the source approached the absorber; the other recorded while the source
moved away from the absorber. The same gating signals activated two other
scalars which recorded timing pulses. When 10,000 timing pulses, usually at
60 cps, were recorded, the corresponding data scalar was stopped. When both
channels had stopped, the data was typed out by an IBM typewriter connected to
L:
a serial converter. Then the relay control circuit changed the speed of
the motor and restarted the counting. After a period of hours, a long
data tape had been produced; each entry corresponded to counts received
at a single speed. In order to get the final data, it was necessary to
add up all the corresponding entries.
The voltage applied to the armature of the motor determined the
speed. This voltage was controlled by a stepping switch which permitted
the selection of any number of speeds up to one hundred. The lower speeds,
up to about 1.0 cm/sec, were determined from the throw of the cam by
timing several revolutions of the cam with a stopwatch. For the high
speeds, a Strobotac was used to time the revolutions of the cam.
The up-down spped correspondence was tested by comparing the number
of timing pulses registered during the first two half cycles at a
particular speed. Counting always started as the cam follower moved down.
These two numbers were typed out on the data tape. Except at the lowest
speeds, speed up equalled speed down to about 5%.
The uniformity of the motion over half a cycle was checked by
observing the Mossbauer absorption spectrum of iron vs Co57 in stainless
steel. The broadening of the iron lines indicated that the speed was
constant over half a cycle to about 5%.
B. Electronic Drive System
The electronic drive system belonged to Norman Blum, and is
described in detail in his thesis(B-64). A loudspeaker was used to move
the source at constant acceleration. A triangular wave from an audio
oscillator drove a power amplifier with feedback so that the velocity of the
source was proportional to the voltage of the triangular wave. This voltage
also provided the multichannel analyzer with the address in which counts
were to be stored. Counts from the Mossbauer gamma ray were stored in one
half of the MCA, and counts from a non-resonant portion of the spectrum
were stored in the other half for normalization. The final Mossbauer
velocity spectra were obtained by dividing the data in the first half by
the data in the second point by point. The velocity scale was calibrated
57by the resonances of Fe .
It was also possible to address the multichannel analyzer with a
sawtooth signal of the same frequency and phase as the triangular velocity
wave, with the analyzer operating in the time mode.
Constant Velocity
Drive Cam
-.. To Pump or Gas Helium
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42. Source Preparation
Figure /0 shows the level scheme of Pt1 95  It is seen that the
1519599KeV and 129KeV levels are fed both by 192 day Au1 95 and 4.1 day Ptl 9 5mFour types of sources were made: Au1 95 in Cu, Au195 in Be, Au in Ir
and Ptl95m in Pt. A Aul95 '1 96 in Fe source is discussed in Section]IL.
The first two sources were made by Mr. Irwin Gruvermann of the
New England Nuclear Corporation. Carrier free Au1 95 was electroplated
onto the copper or beryllium disk. The copper source was annealed for
8 hours at 00ooOC in Hz ; the beryllium source for 3 hours at 100ooC
in 4±. The Au1 95 of both sources was free of any contaminating activity.
(Figure II).
Several attempts were made to diffuse carrier free Au1 95 into
iridium. However the melting point of iridium is so high (24540C) that
gold cannot diffuse into its lattice at the comparatively low temperature
of 10500C. Gold melts at 10630C. After one hour at 10500C in a hydrogen
atmosphere more than 95% of the Au195 had evaporated and none had gone
into the iridium foil. A similar result was obtained with an annealing
temperature of 9500C. In contrast, Harris (H-65) diffused Au1 9 5 into
platinum (mp1774 0 C) at 10000C.
A Aul95 in Ir source was made at the 14. I. T. cyclotron by a
13 hour, 50 microampere 28 MeV alpha bombardment of 1.5 mil natural
iridium foil. In the first attempt the iridium was soft soldered to the
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copper target holder and vaporized because of poor heat conduction. In
the second try the foil was silver soldered to the hclder and6 held up very
well under bombardment. To remove the foil, copper holder and silver
solder were dissolved in boiling aqua regia. The source was then annealed
for two hours at 100O C in vacuum and furnace cooled. About 200uC of Au
was made.
With the exception of 192 day Au195 and 74 day Ir1 92 from
Ir 91 (0,He3)Irl 92 , a most unlikely reaction (WHC-49), the longest lived
product of alpha bombardment on iridium should be 6 day Aul9 6 . However
the source contained long lived high energy activity which has tentatively
been ascribed to 40 day Ag105 from ( 0,2n) on rhodium impurity and
71 day Co58 from (OL,np) on iron impurity. This contamination is serious.
As long as eight months after bombardment it produced a 50% background
under the 129 KeV peak for running conditions of 11.2 mils platinum
absorber and 15 mils tin semi-critical absorber. (Figure /2).
The Pt 95m in Pt source was produced at the M. I. T. Reactor by a
neutron irradiation of platinum powder enriched to 57% in Ptl 94 . The
194 ( l r5m: 191desired reaction is Pt (n,y )Pt : =1.2 barns. 3 day Pt ,
4.4 day t1 93 , 18 hour Pt 1 97, and 30 minute Pt 1 99 which decays to
3.15 day Au199 are also produced. Of these contaminating activities, only
190Au 9 was produced in sufficient amounts to interfere with the observation
of the Pt1 95 lines. Therefore the Au1 9 9 activity was separated from the
platinum activities by extraction into ethyl acetate (L-61). Platinum was
precipitated as (NQ)2 Pt Ci6 by the addition of solid NHh C1 to a cold
( OOC) solution of H, Pt Clr. The (NH )2 Pt Cl( was ýried, then heated to
produce spongy platinum. One source was used in this form. For another
source, the spongy platinum was converted to normal metallic platinum by
melting it by a gas-oxygen flame. The resulting small sphere of platinum
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was hammered to two mils thickness and then annealed for one-half hour
at 1000 0C.
Only two Ptl-5m sources were made. In neither was the gold
decontamination or yield of platinum satisfactory, and this approach was
shelved because the Au195 in Iridium source seemed more promising.
However, it should be possible, with practice, to get very good
obtained for sample temperatures near 4.20•. At this temperature, all
the samples were probably in the bcc C phase. (BDFS-57).
Absorber Preparation
The Pt-Fe alloy absorbers were made by Prof. John 4ulff of the
SI.T. Department of Metallurgy. Five absorbers were made, ranging in
composition from Pto.3FeC.97 to Pt .50Fe0.50.
The alloys were prepared by melting toýether iron and platinum wire
in a water cooled copper hearth argon arc furnace. The samples were
remelted several times until no gross segregation could be found
metallographically. Table / presents the relevant history of each sample.
Analysis for homogeneity was performed on the alloys using the electron
microbeam probe technique; no concentration gradients, precipitates, or
inclusions were detected. The Mossbauer spectra of these absorbers were
r
TABLE I
Wt % at 26 Thickness
Pt Pt of Ft
(mils)
oiO. of
remelts;
arc heat-
treated
finally.
Treatment
before
maching and
grindin .
Heat Treatment
in purified
Helium
1 6 3 3.5
2 27 10 2.4
25 4.9
4 60 30 5.4
5 78
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Sresse .
to disc
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C. DIAMAGNETIC ENVIRONMENTS
1. Introduction
The levels of Pt1 95 fed from the decay of 192 dayl Au195, 4.1 day2
Ptl95m, and observed in Coulomb Excitation3, and particle reactions4 , are
shown in Figure 10. The first two excited states, at 99 and 129 KeV, should
both be Mossbauer levels. The transition energies are low enough to yield
sizeable f-factors at 4 K (Figure 13). The half lives imply narrow but not too
narrow lines: about 6.5x10-6 ev or 2.0 cm/sec for the 99 KeV transition, and
/-6
about ±.+,)x1u ev or u.j4 cm/sec for t e 129 KeV transition. However, the
129 KeV effect will be difficult to observe because only 4.9% of the
deexcitations of the 129 KeV level go by way of the 129 KeV branch. The cross
section for resonant absorption is thus reduced by a factor of 20 (Section II-A),
and the mean free path correspondingly increased. Figure 14 shows the
Mossbauer mean free path at 4°K for both transitions as a function of the
Debye temperature of the absorber. Internal conversion coefficients of 7.2
for the 99 KeV line (HRB-K-65) and 1.79 for the 129 KeV line (McGS-59) were
assumed.
Source preparation is discussed in Section II-B, and Figures 11 and 12
show pulse height spectra obtained with sources of Au195 in Cu and Au1 95 in Ir
respectively. Figures 15 and 16 show several Mossbauer spectra for the
99 KeV transition. The principal results on the 99 KeV transition are given
in Table 2.
1. GMKB-64; HRB-K-65; NS-65
2. de-SHS-52
3. McGS-59; BGH-65; BDGHP-65
4. M-65
99 keV line
129 keV line
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broad to detect small or even moderately large quadrupole interactions.
-7The isomer shift in all cases was less than 0.10 cm/sec or 3.3x10 ev.
However, this limit is not very informative, because it is of the
order of the largest isomer shifts observed for other MIossbauer isotopes.
For example, the largest Tel 2 5 isomer shift known is that for
Te 2 5m in Te vs NaTeC : 1.9xlO- 7 ev. (B-62). A much better value of a2 2k4
99 KeV line isomer shift could be obtained by measurin., the difference in
counting rate at v=+ an-d v=- , the points of maximum slope on a
Lorontzian curve.
Table 3 lists Debye temperatures deduced from our results.
9D (Pt in Pt) was obtained from Runs 1, 2 , and 10 of Table 2_ by
looking at the effect and the line width as a function of absorber
thickness. (M-61). The ratio of the effects in Runs 3 and 4 served. as a
I rough confirmation. A resonance scattering experiment in which the
2. Discussion of Results
A least squares fit to the results of Runs 1, 2, 3, 9, and 10 of
Table 2 gives F (full width at half maximum) extrapolated to zero
absorber thickness as 1.81+0.15 cm/sec. This makes -r for the
mean
99 KeV level 219+18 p sec (t.,=152+12 p sec) in agreement with the direct
electronic measurement, 1r ' 200 psec (B-60), and with the Mossbauer result
of 246+28 p sec of Harris et al (HB-KR-65). See Figure 17.
No quadrupole effect was observed. Platinum, copper, iridium and
K2PtCl 6 are all cubic. Beryllium is hexagonal, but the data, although poor,
-6indicated no quadrupole broadening. However, a ,q of 10 volts, which is
a large quadrupole interaction, would separate the m=+1/2 and the m=+3/2
sublevels by only 0.15 cm/sec. Thus it is clear that the 99 KeV line is too
Table 3
Debye Temperatures for Pt 1 9 5 in
Various Hosts
SD ( oK) of Host
from Specific Heat Data
eff (OK) by *
Lipkin Theory
2380 + 200
2200 + 200
Be
Ir
Fe
(3 at % Ft
Fe-Pt alloy)
2200 + 300
3150 + 350
" 2750
eff =
Host eD (OK)
2400
3430
11600
2400
1980
2500
4200
2500
420
4670
Host
33
32
2.
E
2
2
2.
I.
ABSORBER THICKNESS (mils)
FIGURE 17
temperature of the Au195 in Cu source and the platinum absorber were
varied together from 100K to CO0 K (Figure /1) indicated a somewhat highervaD_ 0 0 _L , er 
value. 2380K is in good agreement with the specific heat value of
2400K (G-63) and the Mossbauer 
result of (234+6)oK obtained by
Harris et al (HB-KR-65). OD (Pt in Cu) was obtained from Runs 1, 2, and 3
from the variation of effect with absorber thickness 
(M-61) & (Pt in Be)
was calculated from the ratio of the effects of Runs 3 and 7, and D (Pt in _r)
from a comparison of the effects of Runs 3 and 9. The f-factor for Pt 1 9 5 in Cu
and the observed absorption by the 3 at% Pt Fe-Pt alloy absorber (Figure 2I)
gave the Mossbauer "mean free path" and thus the Debye temperature of the
absorber. (See Figures 4 and In).
These Debye temperatures support the prediction of Lipkin (L-63) of
an effective Debye temperature 9 - .host 9
eff m~- host for an impurity
atom bound with the same force constant as the host atoms. The more general
theory of Kagan and Iosilevskii (KI-62,"3) gives Lipkin's results in the
limits of host( m or mhost» m , but does not simplify when
mhost "" im n
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3. Predictions for the 120 KeV Line
The absorption expected for the 129 KeV transition may be deduced
from the Debye temperatures in Table 3. From Fiure 13, we see that the
recoilless fraction at 4.2 K from sources of Au1 95 in Cu and Au1 95 in Ir
should be 2.4+0.7 and 7.3+2.0% respectively. The absorption by natural
platinum is, however, small for practical absorber thicknesses. From
Figure 19, we see that the Mossbauer "mean free path" (for 53% maximum
resonance absorption) is 162+40 mils or 8.8+2.2 gm/cm2 . The mean free
path is so long because only a small fraction, (2.O0+0.5)/41, of the
deexcitations of the 129 KeV level go by way of the 129 KeV branch.(G•K•B-64).
Since the mean free path for electronic absorption at 129 KeV is only about
7.5 mils, (S-65), this severely limits the thickness of practical absorbers.
The most efficient absorber thickness is about 15 mils.
Several experiments on the 129 KeV transition, carried out prior to
the new value of the branching ratio (,3:KB-:,4), used absorbers of
1C.0 and 11.2 mil thicckness. 'ith the Au 9 5 in Cu source the expected
effect is 0?.14. With the Au ! 9 5
ef.1 ith the Au95 in Ir source, with about 50% backround
under the 129 KeV peak (Figure 12 ), the expected effect is 0.25%.
Fiunre 1 presents two of the fi~ve sinificant runs The re~slts are
inconclusive. The observed effect is statistically less than the predicted
value. However, if we take the smaller limits for B and for the brianching
ratio, then the lack of effect could be accounted for. These results are
consistent with those obtained by Harris et al on the 129 KeV
transition. (IRB-K-65).
It is clear that it will be extremely difficult to see the 129 KeV line
1iossbauer effect, and to measure the magnetic moment of the 129 KeV level by
splitting the Iossbauer line will be more difficult still. A magnetic field,
for an E2 5/2- to 1/2- transition, splits the Mossbauer line into ten lines.
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The two most intense of these each has a weight 1/6 of the total. The
exact Mossbauer line pattern to be expected depends on the sign and
magnitude of the magnetic moment of the 5/2- level relative to that of
the 1/2- (ground) level. The magnetic moment of the ground state is
+.6005 nm (PY-51), ani theory (see Section IV) suggests a large positive
moment for the 5/2- level. Let us assume an unsplit source and a split
absorber (or vice-versa). If u2, the magnetic moment of the 5/2- level,
is positive and less than uo, the ground state moment, the intensity
pattern is 1:2:3:4:5:5:4:3:2:1, with the 5-5 separation (go-5g2 )H, and the
distance between the other adjacent lines, g2E. For an HINT of 1.23x10 gauss
(Section II-D-3), goH is 1.08 cm/sec or 3.2 r, where r is the full width at
hhlf maximum of the Mossbauer line. For u2 0.5 o, the spectrum will consist
of two well resolved lines, and the size of the effect will be reduced, for
the same thickness of platinum, by only a factor of about two from the unsTplit
case. As u2 increases, the resolution decreases. As u2 increases beyond u ,
the intensity pattern changes as lines cross, and structure begins to emerge.
At u2= 1.0 nm, close to the theoretical prediction, the spectrum will
principally consist of three partially resolved lines, each of weight 8/30,
separated from each other by 1.07 r. In general, the resolution is better
for negative u,. If u2 is negative and )u 21< 1. 6 7u, the intensity pattern
will be 5:4:3:2:1:1:2:3:4:5, with the 1-1 separation (35 3 g2~ ) and the
distance between the other adjacent lines, g2 .I For u21< Uo, the pattern
will consist of two lines well resolved; as 1u2 1 increases beyond u ,
individual lines will begin to emerge.
If the Mossbauer mean free path w:ere much shorter, the 129 KeV line
could easily provide an extremely accurate value of HT,,, anOd a good value
for u2 down to about Juj20C.2 nm.
The only hope of observing the Mossbauer effect of the 129 KeV line in
transmission lies with a strong Au1 95 in Ir source, or with another source
of comparable Debye temperature. If such a source had no background
gold above 2750K are:
Chromium 91 = 6300K 326°K mp = 189000
eff
Rhodium OD = 480 0 K eff 348K mp = 19850 C
Both are cubic.
195m4. Make a Pt source of high specific activity at Oak Ridge end
diffuse platinum (mp = 177400C) into iridium.
Of these four methods, the third is the simplest to try. An annealing
temperature of 10500C should be used.
under the 129 KeV peak, and was at least five times as strong as our
Au95 in Ir source (Section II-B-2), it might even be possible to measure
the magnetic moment. Fortunately, the low Pt Fe-Pt alloy absorbers have
a higher Debye temperature than platinum metal. (Table 3 and B-K,HR-65).
Several approaches are possible:
1. Get extra pure iridium foil, low in iron and rhodium ( 2 5 ppm)
and subject it to a 3,000 u-amp hour alpha bombardment.
2. Electroplate Au onto iridium foil and then either plate or
evaporate a layer of iridium over the source. Try to diffuse the gold into
the iridium at a high temperature: 12000 C or 14000C or higher.
3. Find a host more receptive to gold than iridium which will still
give a high eeff. Following Lipkin's Rule (L-63), and taking Debye
temperatures from the American Institute of Physics Handbook ('-63), we find
that the only elements with melting points below 240000C and 9 eff's for
ef'fo
D. FERROMAGNETIC ENVIRONMENTS
1. Results
Mossbauer absorption spectra were taken for five alloy absorbers
ranging in composition from Fe0 .97Pt0 .03 to Fe0.50Pt0.50 . The source in all
cases was single line Au19 5 in Cu. The curves are shown in Figure 21 and the
results are summarized in Table 4. The spectra are similar, showing a double
line pattern with a splitting nearly independent of composition. The splitting
is dominated by the large g value of the ground state, +1.20 nm (PY-51), so
that the value of HINT(Pt) can be determined with greater precision than can
the value of gl.
2. The Sign of gl
g1 was determined as negative by megnetizing the absorber parallel to
the propagation direction of the gamma rays ( perpendicular to the absorber disc
plane ) with an external field of 45,000 gauss. This external field, although
large, is much smaller than the internal field, which was found to be
1,260,000 gauss. Thus it aligned the domains without appreciably affecting
the magnitude of the field at the nucleus. This longitudinal polarization
eliminates the Am=0 transitions. Figure 22 shows the Mossbauer spectrum
obtained when the external field was applied.
Figure 23 gives the line pattern for all relative values of g1 and go
for an Ml transition between levels of spins I=3/2 and I=1/2. Since go is
positive, the intensity pattern for gl negative is:
without external field 3:2:1:1:2:3
with external field 3:0:1:1:0:3
for all values of gl/go
I
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I For gl positive, the intensity patterns are:
g 1 < go/2 without external field 1:2:3:3:2:1
or
4
remove lines b and e and increase the apparent splitting of the double line
pattern. If gl is positive the removal of lines b and e will decrease the
apparent splitting if gl is smaller than g0 /2, but increase it if gl is
greater than g /2. Since polarization by the 45,000 gauss external field
increased the apparent splitting by about 18%, the gyromagnetic ratio of the
99 KeV, 3/2- state is either negative, or positive and greater than 0.6 nm.
The large positive values of gl are ruled out when the curves of Figure 21-1
and Figure 22 are compared with computer simulated six and four line curves.
For gl greater than +0.6nm, no value of HINT(Pt) could be found that would
give a fit to both experimental curves.
I.
I,
gl(0.bnm with external field 1:0:3:3:0:1
go0/2 < gl go without external field 1:3:2:2:3:1
or
o.6nm <gl( 1.2nm with external field 1:3:0:0:3:1
gl> go without external field 3:1:2:2:1:3
or
gl)1.2nm with external field 3:1:0:0:1:3
Thus if gl is negative the application of an external field will
ý I
3. The Magnitudes of gl and HINT(Pt)
Using the fact that gl is negative, six line spectra were simulated by
computer for various values of HINT(Pt) and gl. The simulated spectra were
compared with the 3 at% Pt alloy curve of Figure 21 to determine the values of
HINT(Pt) and gl. Particular note was taken of two features of the curves: the
apparent splitting, A, and the resolution, R. The latter was defined, for
N(0)-N(minconvenience, as the ratio cmsec)-N(min Figures 24 and 25 show how
A and R vary with HINT(Pt) and gl for line widths of 1.88 cm/sec and 2.00 cm/sec.
The smaller width was calculated from Figure 17 and the thickness of the
absorber (Table 4). It is a minimum line width corresponding to a Debye
temperature for the alloy absorber equal to that of platinum metal: i.e. about
240 K. The larger width corresponds to a Mossbauer mean free path for the
alloy of the equivalent of 2.5 mils of platinum, or a Debye temperature of
about 350 0K (Fig-ure 14). A third feature of the spectra was also considered:
the apparent full width at half maximum, referred to 4.0 cm/sec. However,
this parameter was harder to determine experimentally and was less sensitive
than the splitting and the resolution to variations in gl and HINT(Pt).
Consequently, less weight was given to it. From these considerations, we
obtained the following numbers:
HINT(Pt) = ( 1.26 ± 0.10 )xlO6 gauss
gl -( 0.40 0.10 )nm
The values of HINT(Pt) for the other alloys are listed in Table 4. They
were determined by assuming the above value for gl'
The Mossbauer absorption spectrum for Sam ple 5, P
to.50
has a
Fe0.50,
much poorer resolution than the others, but the same full vidth. There are
a variety of causes that could be responsible for this. Line broadening, 
and
ii
TABLE 4
Mossbauer Results With Alloy Absorbers
Source: Au1 9 5 in Cu
T ~ 4.20K
Thickness
of n HINT(Pt)Absorber ResolutionPlatinum (cm/sec)** 10 Gauss
(mg/cm2 )* 1 Gauss
Pto.03Feo.97 191 2.10+0.10 16+2 1.26 + 0.10
Pto.loFe0.90 131 2.12+0.10 15+2 1.26+ O.10
Pt0.25Feo.75 268 2.05t0.10 16+2 1.24 ± 0.10
Pt0.30Fe0.70 295 2.32+0.15 19+3 1.38 + 0.12
Pto.50Feo.50 655 --- --- 1.1
* 54.5 mg/cm of platinum is the equivalent of 1.0 mils of platinum metal
** 1.0 cm/sec = 3.3x10- 6 ev
change in intensity pattern because of the thick sample certainly contribute,
although not enough to account for the low resolution. A quadrupole
broadening is unlikely (see below), but a spectrum of magnetic fields arising
from non-equivalent sites is a possibility. In any case, the width of the
curve demands a high magnetic field.
A quadrupole interaction will split a level of spin 3/2 into two sublevels
of m=±3/2 and m=±l/2 with a separation of LE = e2Qq/2 where Q is the
quadrupole moment of the nucleus and eq is the electric field gradient at the
nucleus. eq is assumed here to be axially symmetric. If a magnetic
interaction is also present, and if the electric field symmetry axis does not
have a unique direction with respect to the magnetic field, the quadrupole
interaction will broaden the Mossbauer magnetic spectrum. We define a
1+ntit + (P-5 C/)
2
e Qq
-v6g(3/2)H
6g(3/2)H for the 99 KeV level of Pt19 5 is 9.4x10-6 ev. For a quadrupole
moment of one barn and an electric field gradient of 1018 volts/cm , e2Qq
is 10 ev and 7 is 0.11. For this value of y, the broadening of each line
in the 6 line magnetic spectrum would be about 0.12 cm/sec (P-56). Since
the line width is about 2 cm/sec, this effect would be almost indetectable.
Moreover, an eq of 1018 volts/cm2 is a larger field gradient than one expects
to find in a cubic alloy of low impurity concentration such as Pt 0.03Fe0.97
For example, eq in hexagonal osmium metal has been measured as (3.5t0.5)x1017
volts/cm2 . (GC-66). Therefore no reasonable quadrupole interaction could
be detected, nor could it affect the values of gl and HINT deduced from our
spectra.
A
1
Benczer-Koller et al (B-KHR-65) have also used the Mossbauer effect to
investigate the g-factor of the 99 KeV 3/2- state of Pt1 9 5 . Using Fe-Pt
alloys as absorbers, they obtained velocity spectra similar to ours, but with a
greater width and apparent splitting. For example, their 10 ato Pt absorber
-
.1
·;I i
r;1
1.39x10 6 gauss. With this number, they found -0.64g -0.45 . Their large
apparent splitting suggests that the internal field in their alloy was larger
than the internal field in our alloy. Since they did not supply the details of
the fabrication of their alloys, one cannot even speculate as to how the method
of preparation, especially the heat treatment, might affect the internal field.
gave an apparent splitting of (2.580o.27) cm/sec. They did not fit their
data with a unique set of gl and HINT(Pt), but took the Ho and Phillips (HP-65)
calorimetric determination of the hyperfine field at Pt in a 3 ato Pt alloy:
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4. Discussion of HTN(Pt)'Results
B
.1I
is of the order of -0.35x10 6 gauss. For a negative conduction electron spin
density at the Pt sites (SW-65), the hyperfine field is -54x10 6 gauss per
spin (CJY-64); thus 0.05 unpaired conduction electrons are sufficient to
i account for the remaining -0.9lxl10 6 gauss contribution to HINT(Pt).
Fallot (F-38) has measured the magnetization of Fe-Pt alloys and plotted
the average atomic moment versus platinum concentration. We have superposed
our internal field results on his curve in Figure 27. Our points follow his
curve up to 25 at% Pt; then the magnetization falls, but the internal field
remains high.
4
1. (CJY-64)
In Section III-C-, HINT(Pt) is shown to be negative. The magnitude and
sign of HINT(Pt) observed in these alloys fit in well with internal fields
measured for neighboring elements dissolved in iron (Table 5). Accurate
theoretical calculations for these fields have not been done, but several
mechanisms have been proposed that are in large part borne out by experiment.
The dominant contributions to HINT(Pt) in iron comes from the polarization
of the conduction electrons by the ferromagnetic iron due to s-d exchange
coupling, and from core polarization due to a localized 5d moment on the
platinum atoms. A rough estimate can be made of the contributions of these
two mechanisms. Neutron diffraction results on Co-Pt and Fe-Pd alloys suggest
that the localized moment on the Pt atom in Fe-Pt alloys over a wide range of
1
alloy composition is about 0.5uB . (CWK-65). From Knight shift experiments on
Pt the hyperfine field per spin from core polarization is about -2.4x10 gauss
per spin; thus the CP contribution to the internal field at the platinum nucleus
TABLE 5
Internal Fields at the Nuclei of Several Elements Dissolved in Iron*
Internal Field
(gauss)
1(1.145
11.40
+ .025)
10 j
-(1.35 ± 0.30)
11.39
-(1.26
-(1.42
1(1.35
10611 o.o)
± 0.10)
± o.18)
+ 0.05)1
6 
',(
x106
106
106 (THIS WoRK)
106
106
-(0.98 + 0.28) 106
Taken from the article and compilation of Shirley (S-66)
Solute
Atom
* Taken
(SW-65)
from the article and compilation of Shirley and Westenbarger
I - -
HINT (Pt) [x at % Pt ]
HINT (Pt)[3 at % Pt]
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III. Pt1 92 , It and Pt
A. Background: •Anular Correlation
The gamma ray distribution from a state I > 1/2 will in general be
anistropic if the m state populations, mi, are unequal. Various methods
exist for preparing oriented nuclei which then yield non-isotropic
radiation (G-TH-65). One such method is to observe the direction of emission
of a previous radiation. Specificcally, let us consider the case of a
gamma-gamma cascade. (The literature is extensive and detailed review
articles are available (S-65; PMS-64). The followin:g pages present merely
a brief survey).
A nucleus in the state I A goes to the state I. with the emission of 'l'
then to the state IC by the emission of y2. If we call the direction of
emission of y the X- axis, the state IB may have an unequal population
of mm - states. In that case the intensity of /2 depends on the angle it
makes with the Z - axis. Experimentally, Yl and ,2 are detected by two
counters, and are proved to have come from the same nucleus by being detected
in coincidence. The angular distribution, or correlation, of Y2 with
respect to the direction of emission of y, can be written:
i(9 ) = 1 + A2) 2 (cos ) + A4 ?4 (cos ) +....A P2y (cos 9)
where 2y is given by the smallest of the three quantities 2B, 2L( yl) and
2L( (2 ) . Usually P4 is the highest term because of the rarity of octupole
cascades. The coefficients A2 and Aq depend on the five parameters
I I IC , L1 and L2. If the multipolarity of one or both of the gamma
rays is not pure, interference terms may radically change the value of
A2. and Al for even a small admixture. (FIG 2-- 5 C -5)
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CORRELATION COEFFICIENTS FOR A
MIXED 2-2-0 CORRELATION
2 (MI;E2)2(E2)0]
A
Measurement of coincidences at three angles uniquely determines
A2 and A. For example:
A• 50W(1800) + 40"w(1l~5) -90w(900)
S7w1(1800) + 56W(1350) + 42'(900)
48w(180o) - 96W(1350) + 481(90o)
A4  = 7w(1800) + 56W(1350) + 42W(900)
Figure 29 shows the theoretical angular correlations for the 4 - 2 - 0 and
0 - 2 - 0 cascades. The 0 - 2 - 0 case is the most anisotropic y -
correlation observed so far.
Perturbed Angular Correlations
The above discussion assumes that the m - state population of the
intermediate level does not change during its lifetime. If, however, a
magnetic field with a component perpendicular to the direction of Yl is
applied, the m - state population becomes time dependent. The nuclear spin
IB precesses about the direction of the magnetic field with the Larmor
frequency:
g uN H
W
where g is the gyromagnetic ratio of the intermediate level. The angular
correlation also rotates, and if the intermediate level lives long enough,
this rotation can be used to measure the magnetic interaction.
The angular correlation without an apprlied magnetic field is
conveniently written:
( ,H = ) = b + b2 cos 2 9 + b cos 49
where b = 9/64 A, + 1/4 A + 1
0 4 c
b2 = 5/16 A4 + 3/4 A
b4 = 35/64 A4
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Figure 30.
The attenuation of the correl!btion may also be used to measure the
magnetic interaction. However this method is not sufficiently accurate to
be practical unless wr is at least 0.20. If a randomly oriented magnetic
field is present, the correlation will not be rotated, but it will be
attenuated.
'L
= o + 2 cos 2( 9 - • 2) +
221 + 4 w I
4 2  cos 4( 9 - a4)
1.+ 16w r
where tan n •9 = nwr
In practice, the magnetic interaction is most easily measured by observing
the chanre in coincidence rate when the rIm.netic field is reversed. This
effect is l:rgest at the angle for which dW is a maximum. The field reversal
effect is given by:
W() - ) 2w (G2 b2 sin 29 + 2GbL, sin 49 )
W() + (44) b +2b 2 cos 29 + G4b cos
where G = d ",.,2 h e • , and GQ!, are plotted as a function of wr in
,The angular correlation is given by (CTTU - 62; MBS -r):.
(2 2P2 (cos 9) + G 4A4 (cos9) + .....
+n
1 1where G = I e n 2n +1 2 22
N = -n
G2 and G4 for the case of a randomly oriented magnetic field are plotted
in Figure 31. Such a field may be found, for e:ample, at nuclei dissolved
in iron when there is no external aligning field present.
Electric quadrupole fields also attenuate and rotate the correlation.
The analysis becomes extremely complicated when both electric aund magnetic
perturbations are present and are of comparable magnitude. The problem
has been examined both for the case of a unique orientation of the
electrostatic field gradient with respect to the magnetic field direction
(AMSS - 63) and for the case of randomly oriented field gradients (SMS -62).
2
If, however, the quadrupole frequency W.. = 4i(2 -s much smaller than
gHuN
the magnetic frequency 'i , the main effect is a small .ecrease,
A , in the angle of rotation of the correlation. b , for small
quadrupole interactions varies linearly with 'B/• . In this work, 9 is
presumed negligible. (Section III - G).
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1. Angular Correlation Apparatus
Figure 32 shows the counting arrangement. Counter B and the source were
fixed. Counter A could be automatically rotated around the source. Switches
were placed at 150 intervals from 18O ° to 900 to stop the motor drive and
reverse it at the end points. These switches also started the counting by
the appropriate scalers and the corresponding quadrants of the four hundred
channel multi-channel analyzer. Any combination of angles could be selected.
However, if coincidences were counted at more than four angles, the
multi-channel analyzer could not be used. In experiments described as 4 Angle
Angular Correlation (Tables 6, 9, o, /1 ) the angles 1800, 1500, 1350, and
900 were used. In 3 Angle Angular Correlation, the 1500 point was omitted.
Both counters were 3x3 inch Na I (Tl) Harshaw Integral Line Detectors with
7.5% resolution for the 662 KeV Cs137 line. Lead cones shielded the crystals
from background and scattered radiation, and defined the solid angle. The
aperture of the cones was 0.75 inches in diameter and was 1.75 inches from the
counter face. Thirty mils of cadmium was placed over the aperture of the cones
when the Ir194 source was used, to stop the high energy A rays.
The aperture of the cones was usually 1.5 inches from the source; in
several experiments the distance was slightly greater. This 1ý•" to Y"
arrangement, called 2/1 Geometry, provided an acceptance angle of + 140.
A finite solid angle attenuates the anpular correlation: (R-53)
W(9) = 1+Q2( )-2 )A2F 2 (cos )+'4( )4( (2)A4 Pq(,c (Cos9)
SP(cos p )N( P )d(cos P )
'*n An
so N() d(cos )
is the angle between a gamma ray direction and the crystal axis.
9 is the half-angle subtended on the front face or defined by a
collimator; in this case AG = 140. N(P ) is the photopeak efficiency
at the angle Q , and depends on the energy of the gamma ray. For
N( ) = 1.0, (energy independent), Q2 = 0.956 and Q4 = 0.858. For our
geometry, with 3x3 inch crystals, the energy dependence of N( ) -does not
have much effect on Q 2 and Q 4. Herskind and Yoshizawa (HY-64) have
experimentally determined N(A ) for a 3x3 crystal for several gamma-ray energies
and source to counter distances. Taking their results for a 662 KeV gamma
ray, we calculate Q2 = 0.960 and 4 = 0.867. These were the values used
for the Ptl 94 correlations. The energy independent values were used for the
Pt192 and Pt196 correlations, which involved lower energy gamma-rays.
Two types of sources were used: alloy wire sources and liquid sources
(see Section 1II-B-2). The alloy sources were placed between the pole pieces
of a small electromagnet which provided an aligning field of about 1500 causs.
A pure iron sample requires only a few hundred gauss for saturation. The
liquid sources were one-half inch long and were contained in sealed glass
tubes of three millimeters outer diameter and one millimeter inner diameter.
Jhen a liquid source was being used, it was contained in a stainless steel
tube with a screw cap. The iall thickness of the tube was seven mils.
For measurements of A2 and Aq with the alloy sources, the field of the
magnet was not reversed during7 the experiment. For the measurement of IT
by the Field Reversal Effect, the field was automatically reversed every
five minutes. In this case the counter was held fixed. Counts for one field
direction were fed into one-half of the multichannel analyzer; counts for the
other field direction were fed into the other half. Normalizing sinles and
timing pulses were also counted for each field direction. The gain of the
photomultipliers did not depend on the field direction. A shift of the
singles pulse height spectrum with field reversal was looked for on the
multichannel analyzer, and was not detected. Moreover the field direction
affected the singles counting rate in the scalers by about 0.1% at most.
Before each run, the source was centered by equalizing the singles
counting rate at 1800, 1500, 1350, and 900. A maximum variation of 1.5%
was permitted. This was done both for the angular correlation and the
field reversal experiments. In the angular correlation experiments,
normalizing singles and timing pulses were counted at each angle.
Stabilizers were used to insure gains did not vary. Singles pulse
height spectra were taken before and after each run to check stability.
The multichannel analyzer was a four hundred channel RIDL analyzer.
The amplifiers and coincidence circuits were Cosmic plug in units.* The
resolving time of the coincidence circuit was measured as fifty nanoseconds
by counting accidental coincidences between two separate sources. The
accidental to accidental plus true ratio for each experiment was measured
by taking the ratio of coincidences with the built-in Delay in and out.
The accidental rate was checked several times with the rate computed from
the measured resolving time. The accidental rate rarely exceeded 15%, and
was usually less.
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BLOCK DIAGRAM OF ELECTRONICS: MEASUREMENT
OF A2 AND A4
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BLOCK DIAGRAM OF ELECTRONICS: FIELD FLIP EFFECT
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2. Source Preparation
.Irl92 and Ir194
a. and Ir
Ir - Fe alloy wire (3 at % Ir) was made by Prof. Wulff of the
M. I. T. Metallurgy Department by the following procedure:
Iridium wire (%O0.9992 pure) and iron wire (0. 911 pure) were
melted together ten successive times on a water cooled copper hearth
argon arc furnace. The alloy was then encased in stainless steel and
swaged cold to 0.070" diameter. The stainless steel was removed and
the wire cleaned and swaged to 0.029" diameter ( 1/34"). The wire
was cleaned by abrasion and with H Cl. It was then annealed in hydrogen,
being heated up to 13000C in two hours and slowly cooled in two hours to
6000C and in five hours from 6000C to 300C. It came out bright and. lead
soft suggesting no hydrogen pickup.
Ir and Irl 94 were produced at the M. I. T. Reactor by a neutron
irradiation of the alloy wire.
The reactions are:
Irl 9 1 (1) Ir 92 ; 74 days; 6a= 960 barns
Ir 1 93 ,) Irl 94 ; 19 hours; 6"= 130 barns
A 1/8" long piece of wire, irradiated for three minutes at a flux of
8x01 2 neutrons /cm2-sec produces 100 u C of Ir1 4 and 4.7 u C of Ir1 92
192
The Ir experiments were performed on sources at least ten days old.
No Irl94 data was taken with a source over twenty four hours old. The
only impurity activity noticed was the 845 KeV gamma ray of 2.6 hour Mn
produced by Fe56 (fast n,p) Mn5
87
b. Au1 96
Three types of Aul9 6 sources were prepared. The first was
Au1 9 6 in Fe Wire. 1.5 Mil natural platinum foil was bombarded for
three hours by fifty microamperes of 14 MeV deuterons in the external
beam of the M. I. T. cyclotron. Au1 96 was produced by (d,n) and (d,2n)
reactions on Pt 95 and Pt1 96 respectively. A variety of other isotopes
were made; only two are important in this context. Au1 9 5 was produced
194 195
by (d,n) and (d,2n) reactions on Pt and Pt respectively, and
194 194 194 194Au (39 hours) by (d,2n) on Pt Au , decaying to Pt , emits
294 KeV and 328 KeV gamma rays. Therefore measurements on the
Aul9 6 333-356 KeV correlation were not started until the source was
eighteen days old, when the Au1 94 activity should have been ,1.0%
of the Au196 activity. Figures 3 5 7and 36 show the pulse height spectra
of the source shortly after bombardment and at the start of experiments,
respectively. A measurement of the counting rate in the 333-356 KeV
peak gave about two millicuries as the total amount of Aul9 6 produced by
the bombardment.
The bombarded platinum foil was given to Mr. Gruverman of the
New England Nuclear Corporation. He separated the gold activity, carrier
-L- a P 4-U i- 4it
free, oy a solvent extraction process, then pliaLtu 2CPA u Li~ Vv
carrier free, onto a 1/2" by 0.014" diameter iron wire and annealed the
source for eight hours at 7400 C in hydrogen. The recovery was 85%.
Because this source gave a very low value for the g-factor of
the 356 KeV level, it was suspected that the magnetic field at the
?latinum nucleus might be low. ( Sections JT -F and 1-D ).
180 200 220 240 260 280 300
Channel
Fig. 3. (Pt foil + d) SOURCEIO 10 HOURS OLD
Ge(Li) DETECTOR
Channel
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nTherefore the source was reannealed for fifty-eight hours at 7200C in argon.
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hI- source, lcame ou rOsted, and was cleanel Jc rasion and with U.liLt Le ii.
Before annealing the wire diameter was 0.014"; after cleaning 0.012". The
strength of the source after cleaning was 65% of the strength before
annealing, adjusted for decay. Since /(12 2 0.73, this indicates that the
gold diffused deeply into the iron. This source is always referred to as
196Au in Fe '-pire (Reannealed).
The second source was Aul96 in Pt-Fe Alloy (3 at% Pt). A small strip
of the thin 3 at% Pt Pt-Fe absorber (Section II-B-3) was bombarded with
deuterons. This source was useless because of the high background at
333-356 KeV from 0+ emitting Co56 (77 days) made by Fe56(d,2n) Co5 6 (Figure 37).
The third source was Aul9 6 in Pt-Fe Alloy (30 at% Pt). A strip
1/8" long by 1/32" wide was taken from the 0.017" thick 30 at% Pt Pt-Fe
absorber (Section II-B-3). It was bombarded with deuterons, annealed for
two hours at 100000 in vacuum and furnace cooled. Figure 38 shows the
singles spectrum of this source at the start of experiments, fourteen days
after bombardment.
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the others took about one day apiece. The experimental procedure is
described in: h to-il in Section III-B-/.
Fi
C. Ptl
1 92
1. Introduction
A partial decay scheme of Ir192 is shown in Figure 39. A number
of weak transitions are left out, although no known level is omitted.
The 4-2-0, 468-316 KeV correlation was used to measure the magnetic
moment of the 2+ , 316 KeV state.
Figure 0Y shows the singles spectrum of Ir1 92 . The arrows indicate
the span of the 468 KeV gate. Figure 91 shows the coincidence spectrum
obtained with the gate of Figure '0. The source preparation is described
in Section III-B-2. Tables t and 7 present the results of the experiments.
All the data was taken with a source 1/8" long, at 2/1 Geometry.
The accidental to (accidental plus true) ratio for Experiments 1 and 5
was 18%+29 ; for Experiments 2 and 3 the ratio was only 6%•+1% because the
resolving time had been reduced from 100 ns to 60 ns and the source had
d-r~cra frmrn n ti C to 3 2 uiC ExIeriment 5 took three days to perform;
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Table (
Angular Correlation Coefficients of the
468-316 KeV Correlation in Pt 1 9 2
Source: Ir192 in Ir-Fe Alloy (3 at % Ir)
For 2/1 Geometry Corrected for Solid Angle
Experiment G2b2/bO G2A2  A2
Gqb4 /b 0  G4A4  A4
3 Angle Angular 0.0941.003 0. 0 9 6t. 0 0 3
Correlation 0.008t.004 0.008.oo004
No Aligning Field
2 Angle Angular 0.064+.003
Correlation 0.002 .002
Aligning Field t
3 * Angle Angular 0.062-. 003
Correlation 0.002 .002
Aligning Field 4
4 Average of 2 and 3 0.063-.002 0.092-.003 0.095 .003
0.002.00 + +.oo40.002+.001 0.005-.003 o.oo6-.004
Theoretical Correlation Coefficients for
a 4-2-0 Correlation: A2 = 0.102: A4 = 0.0091
r
A:t
I
II
ThBLE 7
WT for the 316 KeV Level of Pt192
Field reversal experiment at 1350 for the
468-316 KeV correlation gave:
N +)-N (-)
N(+)+N(-) 135 0
= 2.40% + O.15%
,_T, using correlation coefficients of Line 1, Table :
0.093 + 0.007
1TE, using correlation coefficients of Line 4, Table 6:
0.095 + 0.007
7. Interpretation of Results
The decay scheme reveals two possible correlations to use to measure
g(316 KeV): the 4-2-0, 468-316 KeV correlation and the 3-2-0, 604-316 KeV
correlation. The first, which we have used, is very clean. As Table 8
shows, there is less than 1% contamination from unresolvable cascades.
Moreover, this background is nearly isotropic. The background at the
316 KeV coincidence peak from Os192 (485-206 + X-ray) coincidences is
less than 0.10%. However the 468 KeV gate does contain about 2% 600 KeV
group. 40% of this (the 604 KeV gamma ray) is harmless and 35%
(the 589 KeV gamma ray) gates nearly isotroric correlations. Thus the
total contamination of the 316-468 KeV correlation is about 3%, and the
non-isotror:ic impurity, not going through the 31 KeV level exclusively,
is less than 1%.
The correction to wTis negligible. The correction to the correlation
coefficients makes A2 = 0.103+ .004 and A4 = 0.008+.004.
In contrast, the 604-316 KeV correlation is very impure. As Table 8
shows, even with the most exclusive selection of gate and counting span,
the counting rate in the 612-308 3-22-0 cascade is still nearly 25%9 that
of the 604-316 3-21-0 cascade. The correlations gated by the 589 KeV
gamma ray are much weaker than a 3-2-0 correlation jt-iien~--S:-: they
could be considered isotrocic and corrected for. It was concluded that
experiments with the 604-316 KeV correlation would be of little value
compared to 468-316 results; none worth reporting were done.
100
Table ?
Purity of the 468-316 KeV and
604-316 KeV Correlations in Pt1 92
Coincidences
per 100 Decays
of Ir192
Correlation
Percent of the
Total
Correlation
1.
468-316 48 4 - 2 - O 99.1%
417-316 1.4 4 - 4 - 2 - 0 0.8%
438-316 0.07 (Many Branches) N 0.1%
2.
604-316 9.3 3 - 21 - O 55%
589-316 3.9 4-22 - 21 - O0 23%
589-296 3.9 4 - 22 -1 8%
612-308 5.3 3 - 22 - O 13%2612-308 5.3 3 -22 -0o 1~3%/
1. Calculated from Column 2 and the gate of Figure qo.
2. Calculated from Column 2 and a gate on the low side of the "600"
group peak and counting the high side of the "300" group peak.
Cascade
S01.
D. pt194: 328 KeV Level
1. Introduction
The level scheme of Ptl 94 produced by the decay of Ir194 is shown
in Figure 12. Figure '3 shows the gamma ray transitions important for
this work. The 0-2-0, 939-328 KeV and the 0-2-0, 1151-328 KeV
correlations were used to measure the magnetic moment of the 2+, 328 KeV
state. Both correlations are highly contaminated, but much of the
background either goes through the 328 KeV level exclusively or is nearly
isotropic. The background is analyzed in detail in Section III-D- 3.
Figure 1Y shows the singles spectrum of Ir 9 . The arrows indicate
the span of the "300" KeV group gate. Figure q% shows the coincidence
spectrum obtained with the gate of Figure IN. The arrows indicate the
portions of the 939 KeV and 1151 KeV groups that were analyzed. The
source preparation is described in Section III-B-2. Tables 9 to II
present the results of the experiments.
All the data was taken at 2/1 Geometry. The wire sources were all
1/8" long. The liquid sources were sealed in 3mm OD glass tubing; the
length of the sources was about 1/2". The average accidental to accidental
plus true ratio varied between 6% and 12%; for each experiment the average
ratio was known to + 15. The Ir source strengths varied between
50 and 100 uC at the end of irradiation. No source older than twenty-four
hours was used. Experiment 1 took four days to perform; Experiments 2, 6,
and 7 took two days each; and Experiments 3, 4, and 8'required one day
apiece. The experimental procedure is described in 4etail in Section III-B-/.
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Table 7
Angular Correlation Coefficients for the
328-939 KeV Group Correlation in Pt194
For 2/1 Geometry Corrected for Solid Angle
Experiment G2b2/bo G2A2  A2
G4b4/b0 G4A4 A4
1 3 Angle Angular
Correlation
Liquid Source
2 3 Angle Angular
Correlation
Alloy Wire Source
No Aligning Field
3 4 Angle Angular
Correlation
Alloy Wire Source
Aligning Field f
4 4 Angle Angular
Correlation
Alloy Wire Source
Aligning Field 4
5 Average of 3 and 4
0.319-.0ll
0.261t.010
0.295-.011
0.240±.010
0.307±.008
0.250t.008
Theoretical Correlation Coefficients for a
Pure 0-2-0 Correlation: A2 = 0.357 : A4 = 1.143
0.23-.02
o.81-.02
0.21-.02
0.79 .02
0.21t.02
0.83t .o2
0 .25 . 02
0.82+.02
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Table /0
Angular Correlation Coefficients for the
328-1151 KeV Group Correlation in Pt194
For 2/1 Geometry Corrected for Solid Angle
Experiment G2b2/b 0  G2A2  A
G4b4/bO G4A4 A4
1 3 Angle Angular
Correlation
Liquid Source
2 3 Angle Angular
Correlation
Alloy Wire Source
No Aligning Field
3 #A Angle Angular
Correlation
Alloy Wire Source
Aligning Field t
4 L•Angle Angular
Correlation
Alloy Wire Source
Aligning Field 4
5 Average of 3 and 4
0.14±.02
0.59±.02
0.224±.012
o.2381.012
0.1941.012
0.213-.012
0.2091.010
0. 2 26.010O
0.11.02
0.70+.02
0.141.02
0.63 .02
0.101.02
o.661.03
- -- -- --
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Table / /
Results of Field Reversal Experiments
at 1500 and 1050 for the 328-939 KeV Group
and the 328-1151 KeV Group Correlations in Pt194
w(+)-w(-) 2 w(+)-w(-)Experiment 2 w(++ 2 w()+W(
939 KeV Group 1151 KeV Group
Field Reversal
6 at 1500 25.3%+0.9% 22.6%+0.9%
Upper Half of
"3001" KeV Peak
in Gate
Field Reversal
7 at 1500 25.6%-1.5% 20.6%+1.6%
Entire "300" KeV
Peak in Gate
Field Reversal
8 at 1050 12.6%i1.6% 13.7%±1.7%
Upper Half of
"300" KeV Peak
in Gate
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T4e BLe /2
WT for the 328 KeV Level of Pt 9 4
Correlation Coefficients FIield Reversal at
Liquid Source
see
Row 1, Table 9
Aligned Alloy Wire Source
see
Row 5, Table q
Liquid Source
see
Row 1, Table 10
Aligned Alloy Wire Source
see
Row 5, Table 10
1500
1050
1500
1050
939 KeV
Group
1151 KeV
3,roup
.093+.006
.094+.013
.093+.006
.097+.C13
.099+ .00
.120+.017
.098+.002
1500
1050
1500
1050 .111+.015
3. Interpretation of Results
The variation of G2 and X4 as a function of '-T, assuming only a
magnetic interaction, is plotted in Figure 30 for an aligned field, and
in Figure 31 for the nonaligned case. The angular distribution
experiments (Experiments 2, 3, and 4 in Tables q and 10) performed with
aligned and non-aligned alloy wire sources yield values of A2 and Aq
consistent with those obtained with a liquid source (Experiment 1), for
WT = 0.10+0.02.
The values of "IT in Table /2 were calculated using the observed
angular correlation coefficients (row 5 of Tables 9 and 10) and the
observed field reversal effects (Table 11) without making any corrections
for background. The accidentals were, however, subtracted out. The value
of WT from these field reversal experiments agrees well with the above
numbers.
It is obvious that there is a large background under the
939 KeV and 1151 KeV coincidence photopeaks since A2 and A4 are much lower
than their theoretical values of 0.357 and 1.143 respectively. For the
328-939 KeV correlation, A = 0.23+0.03 and A, = 0.82+0.02, so that
A(EXP) = 64.5%+8.4% and A (EP) = 71.7%+1.8%. If the background is
2 (TC A (TO)
isotropic these two ratios are equal. (The reverse is not necessarily
true.) Within the rather large error bracket they are equal so that as a
first approximation we could consider the background as isotropic. If we
subtract an isotropic background equal to 25% of the countin; rate at
900, A2 (EXP) becomes 0.320 and Aq(EXP) becomes 1.133. If we then subtract
25'% from the denominator of the expression N(+) - N(-) and
(+) + N(-) 115o
solve for WT. we find that WT = 0.093+0.007. Thus even a fairly large
71-
unsubtracted isotropic background has little effect on the value of WT.
(Possibly this is true for all correlations if the ap-ropriate angle for
observing the Field Reversal Effect is selected.) Is the background
isotropic? Probably not. The background is composed of many parts. There
are negligble contributions (,0.1% ) to the counting rates in the 939 KeV
and 1151 KeV coincidence peaks from the three lower energy peaks. In the
328 KeV gate there is about 1.5% of the "600" KeV group and roughly 3.0% of
the 46? KeV peak. The 468 KeV contamination of the gate can be ignored
because the 468 KeV gamma ray is not in coincidence with any gamma ray near
939 KeV or 1151 KeV. The 1.5% "600" KeV contamination of the gate causes a
negligble contamination of the 939 KeV and 1151 KeV coincidence peaks
because "600" KeV--"1000" KeV coincidences are extremely rare. Therefore
essentially 100% of the background comes from cascades which have one gamma
ray in the "300" KeV group and the other in the "1000" KeV group. Table 13
lists all such cascades and their strengths. The data for the table was
obtained from the decay scheme presented in the Nuclear Data Sheets.
The second column of Table /3 tells us that the intensity of the
328-939 KeV cascade is at least 84% of the 328-939 KeV Group. 'When the
discrimination of the gate against the 294 KeV gamma ray is taken into
account (fourth column of the table) the intensity of the 328-939 KeV
cascade is raised to 89. of the Group) total. The background under the
939 KeV Group coincidence peak from the 1151 KeV Group is about 14% of the
total; from the 1049 KeV Group the background is about 3%, and from the
High Energy Group, about E8%. Using these percentages, if we take
A2 = 0.12 and A4 = 0.66 for the 328-1151 KeV Group ( Table 10 ), and assume2 4=
the remaining background correlations are isotro-p:ic, we find A- = C.26 and
4 = 0.86 for the measured 328-939 KeV Group. These values are very close
to our experimental limits. Of course the individual background correlations
TABLE ./3
194
Contamination of the 322-939 KeV and 32.-1151 KeV Correlations in Pt
Coincidences
per Number of Coincidences
Cascade 100 Decays of Correlation Adjusted for Gate
Ir194 of Figure
328-939 1.42 0 - 2 -0 1.42
1
328-890 .07 2-2" -2 -0 .07
328-925 .04 0-22-2 1-0 .04
294-890 .07 2 -2 2 .023 939 KeV Group
2 1
294-925 .04 0 - 2 -2 .013
(316-885)* (.045) (4 - 2 - 0) (.027)
(316-945)* (.006) (? - 2 - 0) (.004)
2 1
328-1000 .07 2-2 -2 -0 .07
1
328-1049 .07 2-2 -2 -0 .07
294-1000 .07 2 - 22 -21 .023 1049 KeV Group
294-1049 .07 2 - 2 2 -21 .023
(316-1063)* (.004) (3 - 2 - 0) (.002)
322-1151 1.61 0 - 21 -0 1.61
328-1104 .14 (1,2)- 21 -0 .14
2 1
328-1176 .12 1-2 -2 -0 .12
32•-1167 2-roup
.67 2 - 2 -0 .6 1151 KeV roup
522-1184 .06 ?-22-21- .06
21294-176 .12 1 - 2 -2 .04294-1184 .06 ? - 2 -2 .02
•LL I ,°/•- .0
322-1219
328-1294
322-1342
322-1469
.58
.26
.11
.81
0 - 2 -0
2 - 2 -0
2 - 2 -0
1 - 2 -0
.3>
.26
.11
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* From the decay of Irl
listed in Table 13 are not isotropic; however all but one (328-1219 KeV)
are weaker than a 0-2-0 correlation, some are much weaker, and some will
have negative A2 or A4 . Altogether, they seem sufficient to account for
the exrerimental values of A2 and A4 for the 328-939 KeV correlation.
The background under the 1151 KeV coincidence peak is definitely not
isotropic: there must be a large negative A2 term to account for the very
low experimental value of A2 = 0.12 + 0.03.
From column 4 of Table 13 we can calculate that correlations which go
through only the first 2+ state of Pt194 should compose about 90% of both
the 939 KeV and the 1151 KeV coincidence peaks. The remaining 10% is
composed of correlations going through either the second 2+ state or both
the first and second 2+ states.
How will these impurity correlations affect our value of WT? The
expression we have used to calculate 'JT is: (See Section III -A ).
N(+)-b 0+ Q 2b2 - G4b4)
'•T = 0.577
N(+)+N(-) 1500 G2 b2 + 2G4b4
The term [b + ' (G2b2 - Gb)] is dominated by a constant; for G and G4
equal to one, the expression may be written as 1 + 0.625A2 + 0.023A ,
which for a pure 0-2-0 correlation equals 1.26. 'e will consider several
types of impurity correlations.
1. Isotropic Background
If the isotropic background is composed of individually isotropic
correlations or of several non-isotro'ic correlations which are rotated
through the same angle by a magnetic field, then 'T will not be much
affected by even a fairly large unsubtracted background. The reason for
this is that the numerator of the above expression for WT will be only
slightly decreased by the background, while IN(+)+N(-)I will be
1500
increased by nearly the same fraction that (G2b2 + 2G 4b4) is decreased.
However, if the isotropic background is composed of several non-isotroric
correlations which are rotated through different angles by a magnetic field,
then the value of WT will be in error. If all the impurity correlations
rotate in the same direction (all the rotating magnetic moments have the
same sign), then the error will at worst be caused by half the background.
This case can be treated in the manner of Case 3, below.
2. Non-Isotropic Background, Not Rotated by a Magnetic Field
In this case, and Case 3, let us define f, the impurity fraction,
as(I averaged over . PRIMARY refers to all coincidences which
go only through the level whose g-factor we want to measure; IMP refers to
all coincidences which go through other states. Obviously the error will
depend on the strength of the impurity correlations; therefore let us
consider two cases which for a predominantly 0-2-0 primary correlation are
reasonable limiting cases. Firstly, if the impurity correlation has
coefficients of the same magnitude and sign as the primary correlation, the
fractional correction to the measured value of WT will nearly equal f, and
the corrected value will be larger than the measured value. Secondly, if the
impurity correlation has coefficients of the same magnitude but opposite sign
as the primary, the fractional correction to '4T will be again nearly f, but
the corrected value will be the smaller. The variation of the nearly constant
term [b + /(G2b2 - G4bq) will decrease the correction sli-Lhtly. For
impurity correlation coefficients smaller in magnitude than the primary
coefficients, the corrections will be smaller in magnitude than these two
extremes.
3. Non-Isotropic Background, Rotated by a Magnetic Field
,e will assume that the magnetic moments of all the intermediate states
have the same sign. We will also assume that WT is small so that the
Iprimary, the correction to the measured value of wfwill be
+f -(l -. IMP/ a PRIM). If the impurity correlation has coefficients
of the same magnitude but opposite sign as the primary, the correction to
wT will be -f 1l- IMP/ 0 PRIM4'
This analysis applied to the cases of the 328-939 KeV and the
328-1151 KeV correlations suggests that the correction to the values of
w' in Table 12 will be small. The contamination of both correlations is
about 10l. All the contaminating correlations are considerably weaker
than the 0-2-0 primaries, so that the correction to wT must be less than
10%. Those correlations which go through only the second 2+ state will
have very little effect, because wT for the second 2+ level is not
+
very different from wT for the first 2 level (see Table 21).
ii. 5
precession anqle, , varies linearly with wr. Then if the impurity
correlation has coefficients of the same maanitude and sian a the
E. pt194 : 622 KeV Level
1. Introduction
The level scheme of Pt1 94 produced by the decay of Irl94 is shown in
Figure 12. Figure 3 shows the gamma ray transitions important for this work.
The 0-2-0, 645-622 KeV correlation was used to measure the magnetic moment
of the 2 , 622 KeV state.
Figure 1 shows the singles spectrum of Ir9 4 . The arrows indicate the
span of the "600" KeV group gate. Figure 4i shows the coincidence spectrum
obtained with the gate of Figure 'H. The arrows indicate the portion of the
"600" KeV coincidence peak that was analyzed. Exclusive of background, this
portion of the coincidence peak contained 91% 645 KeV gamma ray and 9% 622 KeV
Th-gamUm xy. ese e~ -cen~ges were ae ermineda y analyzing a peak constructec
of two Cs1 37 peaks (661 KeV) of equal intensity, separated by 24 KeV, and
counted in the same geometry.
All the data was taken at 2/1 Geometry. The wire sources were all
1/8" long. The average accidental to accidental plus true ratio at 1800
varied between 8% and 16%; for each experiment the average ratio was known to
*15%. The Ir194 source strengths varied between 50iC and 1000C at the end of
irradiation. No source older than 24 hours old was used. The source preparation
is described in Section III-B-2; the experimental procedure in Section III-B-1.
The results of the experiments are presented in Table /'. Each experiment took
three days to perform. Several experiments were tried with aligned alloy
wire sources; the results were inconclusive because of gain drifts.
Figure 46
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Tlar Correton /Coefficients for the
Angular Correlation Coefficients for the
WT for the 622 KeV Level of Pt1 94
Correlation Coefficients Corrected
for Finite Solid Angle
Experiment
G2 A2
G+A
1 3 Angle Angular
0.19 + .02
Correlation
.88( + .03
Liquid Source
3 Angle Angular
Correlation
0.27 + .03 0.27 + .04
Alloy 14ire Source
:7o Aligning Field
Field Reversal Effect:
o.84U + .04
2 J N (+) -(-)I W(+)+N (-)
0.88 + .05
= 27.3 + 3.7%
1500
'T, using coefficients of Ex-periment 1 = 0.096 + .014
ýD••
iT, using coefficients of Experiment 2 = 0.093 + .015
2 (TH EOR)= +-o. 3 57
- --- -
A+ ( THgOR) = ) i. I 3
3. Interpretation of Results
In Figure 31, G2 and G4 are plotted as a function of -&r , for a
non-aligned field, assuming only a magnetic interaction. For w7r =0.10+0.02
the results of Experiment 2 (Table 14) using a non-aligned alloy source
agree with the A2 and A4 found from Experiment 1, using a liquid source.
The value of cvf obtained from the Field Reversal Experiment and the average
value of the correlation coefficients agrees with the above number. The
values of cw1 in Row 4 of Table 14 were calculated using the observed values
of the correlation coefficients and the observed field flip effect, without
correcting for background. The accidentals were, however, subtracted out.
The measured field flip effect also was corrected for the lack of resolution
between the 622 KeV and 645 KeV gamma rays. The effect quoted in Table 14
contains this correction.
There must be considerable background under the "600-600" coincidence
photopeak since the experimental A2 and A4, 0.22+0.03 and 0.88*0.03 respectively,
are much lower than the theoretical values of 0.357 and 1.143. If we calculate
A2 (EXP) A4 (EXP)
A2 THER and A(THEOR) , we find 62+_8% and 77+3%. If the background
were isotropic, these two ratios would be equal. The reverse is not necessarily
true.
It is difficult to account for such a large background from the decay
scheme presented in the Nuclear Data Sheets. From Figure 44, we calculate
that the "600" KeV Group gate contains 0.l1% "300" KeV Group, about 1.5 %
468 KeV gamma ray, and roughly 8% from higher energy gamma rays. The first
is negligible, and the second is also negligible, since there are no "600"--
"400" coincidences in the decay of Irl94, and practically none in the decay
of Ir1 92 . The third is also inconsiderable since "600"-"1000" coincidences
are about 1/10 as numerous as "600"-"600" coincidences. (See Table 15). From
T
Number of
Coincidences
per
100 Decays
of Ir
0.49
0.49
0.027
0.027
0.08*
0.08*
Correlation
0-2 2-0
0-2 2-0
2-3-2 2-0
2-3-2 -0
4-2-0*
4-2-0*
Relative
Number of
Coincidences
Adjusted
for the
Selected Span
of Figure
0.05
0.49
, 0.003
< 0.003
< 0.008*
<0.008*
0.001
0.016
o.oo9
0.009
0.014
0.014
(1,2)-22-0
2-22-0
0-2 2-0
2-22_0
2-22-0
* From the Decay of Ir
1 92
For a 4-2-0 Correlation: A2 = +0.1020 A4 = +0.0091
For a 2-2-0 Correlation: Depending on the multipolarity mixture of the
first gamma ray, A4 can have any value between 0 and +0.326, and A2 any
value between -0.315 and +0.485. See Figure 28.
For a 0-2-0 Correlation: A2 = +0.357
TABLE 15
Purity of the 645-622 KeV Correlation in Ptl94
Cascade
645-622
622-645
622-589
589-622
612-589*
589-612*
622-811
622-890
622-925
622-1000
622-1049
A = +1.1434-
S121
the coincidence spectrum of Figure 46, we calculate that the "300" KeV group
and the 468 KeV peak contribute insignificantly to the counting rate under
the "600" KeV coincidence photopeak. From Figure 46, we also calculate that
the "1000" KeV group contributes about 5% of the counts in the analyzed
portion of the "600" KeV peak. Thus, the analyzed portion of the "600" KeV
coincidence peak is composed of about 94% "6 0 0 "-Q"6 0 0 " coincidences,
1% "1000"(Gate)-"600" coincidences, and 5% "600"(Gate)-"1000" coincidences.
From Table 15, we see that all the "600"-"1000" coincidences are 622-"1000"
coincidences going through the second 2+ state only. From Table 15 we also
see that the 589-612 KeV correlation from the decay of Ir192 is the most
important contaminating correlation in the "600"-"600" group. However, we
have strongly discriminated against this correlation by choosing to count only
the high side of the "600" KeV coincidence peak. In fact, all four contaminating
correlations together contribute only about 5% of the counts in the analyzed
portion of the "600" peak. Thus we can amass, at most, a background of about
11%. However we need at least a 23% background with A4=0 to account for our
experimental value of A4 . We need a 38% background with A2=0 , or a 19%
background with A2=-0.357 to account for our experimental value of A2 . We
must conclude that we cannot completely account for the low values of our
correlation coefficients. Our correlation coefficients are consistent with
those measured by Johns and MacArthur (JM-59) for the "600"-"600" KeV
correlation: A2=+0.10 and A 4=+0.71.
In this context, it is interesting to examine several Ir1 92 and Ir 94
singles pulse height spectra obtained with a lithium drifted germanium
detector (see Figures 48-51). The Ir192 source was a few weeks old; the Ir194
source had been made only a few hours before the spectra were taken. The
intensities of the Ir 1 92 peaks relative to the Ir 1 9 4 peaks in Figures 49 and
51 are about twice as great as would be predicted on the basis of the
isotopic abundances, the neutron capture cross-sections, the decay schemes
presented in the Nuclear Data; Sheets, the half lives, and the age of the
source. For example, in Figure 49, the theoretical intensities, based on the
criteria just mentioned should be:
Ir194 328 KeV 32 = 32
Ir 1 9 2  308 KeV + 316 KeV ~2 + -6 = ~8
Ir 1 94 + Ir 1 9 2  294 KeV + 296 KeV 6 + ~2 = ~8
However, after subtracting out suitable backgrounds from the peaks, the
experimental intensities in Figure 49 are:
328 KeV 2.6
308 KeV + 316 KeV 1.4
294 KeV + 296 KeV 1.0
Similarly, in Figure 51, we find that the intensity of the Ir 1 92 (589+612+604)
relative to the Irl94 (622+645) is more than twice the predicted value.
However the intensity of the 622 relative to the 645 is close to the expected
value. In Figures 48 and 50 (pure Ir 1 92 source), the relative intensities are
about what one would predict from a consideration of the Ir192 decay scheme.
Thus we seem to have about twice as much Ir192 in our Ir1 94 sources as we
would expect. This helps to account for the low values of A2 and A4 in the
"600"-"600" correlation, but it does not offer a complete explanation. The
extra Ir192 may come from Ir 91 (fast n, 1)Ir1 92 . However, although there are
several resonances in the Ir 91 neutron capture cross section, they do not
seem high and wide enough to account for the enhancement of Ir192 activity.(HS-58).
How will the background affect our value of 1T? The 622(Gate)-"1000"
portion of the background should have no effect on the value of wT, since the
only intermediate level in all those correlations is the second 2+ state of
194Pt .(Table 15). The other background correlations listed in Table 15 are
all much weaker than a 0-2-0 correlation, and to first approximation they
could be considered isotropic. We concluded in Section III-D-3 that even a
large unsubtracted isotropic background had very little effect on the
measurement of w T. Our value of £ lcould be in error by about t5% because
of unsubtracted background correlations.
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1. Introduction
196known level of Pt1 96 is omitted, no details of the four highest levels are
shown. These levels are very weakly populated by the decay of Au 196
The 2-2-0, 333 KeV-356 KeV correlation was used to measure the magnetic
moment of the 2+ , 356 KeV state.
The source preparation is described in Section III-B-2. The most
196
reliable results were obtained with the .Aul6 in Fe Wire source. Figure 53
shows the singles spectrum of this source. The arrows indicate the span
of the gate. Figure SI shows the coincidence spectrum obtained with the
gate of Figure 53. In order to spread the 333-356 KeV peak over a large
number of channels the low energy portion of the spectrum was eliminated by
raising the window threshold of the analyzer. The 333-356 KeV coincidence
peak, composed of equal parts 333 KeV and 356 KeV ,gamma ray was analyzed in
three parts: Region 1 contained 89.5%+2.0, 333 KeV gamma ray, Region 3
contained 94.5%+1.0% 356 KeV, and Region 2, 50.0%+0.5% 356 KeV gamma ray.
These percentages were determined by analyzing a peak constructed of two
Inll 5 m peaks (335 KeV) of equal intensity separated by 23 KeV. The Inll
5m
peak was obtained from the Gamma-Ray Spectrum Catalogue (H-64). The
validity of using the Catalogue's "300" KeV peak was checked by comparing
137its Cs pulse height spectrum with ones taken by our detectors.
The results of the measurements on the Au in Fe Wire source are
given in Tables 17 and 18. Data was taken at 2/1 Geometry for Counter B,
and at 2.33/1 Geometry for Counter A. (See Section III-B-ý for the details
of the experimental procedure.) The geometry factors then are: 42 = 0.924
and -4 = 0.765. For the measurement of A2 and A data was taken for five
I
j P29
days, with a source 1/16" long, of average strength 9u.C. The accidental
to accidental plus true ratio was 4.01ýl.05•, measured at 1800. For
measurement of the Field Reversal Effect, data was taken for three days,
with a source 1/4" long, of average strength 20uC. The accidental to
accidental plus true ratio was l0.0+1.0Q6, measured at 1500. For
Regions 1 and 3, the Field Reversal Effect is corrected for the lack of
resolution; for Region 2, of course, this correction cannot be made. The
results from the Au196 in Fe Wire (Reannealed) source are given in Table 18.
Data was also taken for the 30 at% Pt Fe-Pt Alloy source. Figure 5
shows the coincidence spectrum for this source. After subtraction of
background, this coincidence peak was also analyzed in three parts.
Table /I presents the results of experiments on this source. The
Geometry was 2/1 for both counters.
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Table /7
Angular Correlation Coefficients for the
2-2-0, 333-356 KeV Correlation in
ptl96 Source: Au1 96 in Fe Wire
Before Solid Angle Correction After Solid Angle Correction
A2  A4  A2 A4
Region 1 0.052+.006 0.228+.006 0.056+.007 0.298+.008
Region 2 0.071+.002 0.243+.003 0.077+.002 0.318+.003
Region 3 0.064+.006 0.248+.006 0.069+.006 0.325+ .008
Table /l
Results of Field Reversal Experiments
at 1500 for the 333-356 KeV Correlation in Pt1 96
2 N(+) - N ( -) %
N (+) + N( -)
Source
Region 1 Region 2 Region 3
Au1 96 in Fe Wire -4.68+0.65 -0.44±0.17 +4.8 2 ±0.68
Au1 96 in Fe Wire ----- -0. 3 60. 2 6 +4.77±1.04
(Reannealed)
Aul 9 6 in Fe-Pt Alloy -9.56±1.34 -1.11±0.23 +9.84:1.25
30 at % Pt
B3. Interpretation of Results
Table 19 presents the three values of g calculated from the field
flip effects of the three sources (Table 18). In all three cases, the
values of A2 and A4 from Region II in the coincidence spectrum of the
Au 196 in Fe Wire source were used. (Table 17, Row 2). Our correlation
coefficients agree with those obtained by Steffen (S-53). He used a liquid
Au19 6 source in dilute AuCl3 and obtained A = +0.08 and A = +0.33.3 24
The internal field at the platinum nucleus in the Au196 in Fe Wire
source and the Au196 in Fe Wire (Reannealed) source was found by using the
sources as Au195 Mossbauer sources after all the Au196 had decayed (see
Section III-B-2). Figure 57 shows the Mossbauer velocity spectrum obtained
with the Aul951(196) in Fe Wire source and a 5.6 mil platinum foil absorber.
The spectra were then compared with computer simulated six line spectra.
Since we know the g-factors of both the ground state (PY-51) and the 99 KeV
state (Section II-D) of Pt195, we could determine HINT(Pt) from the width
of the curve. Because the resolution of the curve was zero, our value of
SHI•(Pt) has a rather large error. The reason for the low internal field in
these sources is not understood. However, gold diffused in iron has an affinity
for grain boundaries, and our low field may reflect such positions.
The values of g obtained with the Au196 in Fe Wire source and the
Au196 in Fe Wire (Reannealed) agree within the rather large statistical
196
errors. However, the value of g obtained with the Au in Fe-Pt Alloy source
is definitely higher. The value of HiNr(Pt) for this source is somewhat in
doubt for several reasons.
Although the value of HINT(Pt) at 40K for this alloy was reliably
measured as (1.38 + 0.12)x10 6 gauss, the Curie temperature of the alloy is
r ?G
-37
TABLE 19
MT and g for the 356 KeV Level of Pt 9
Source coT H (Pt) at 40 K g
HINT (Pt) at 3000 K
(gauss)
AU196 (0.85=0.12) x 106
0.037k 0.004 0.22d 0.05
in Fe Wire (0.83:&0.12) x 106
Au 1 9 6  (0.721-0.12) x 106
in Fe Wire 0.037 . 0.009 0.26: 0.08
(Reannealed) (0.70k 0.12) x 106
Au1 96  (1.380.12) x 106
in Fe-Pt Alloy 0.082 0.009 ~ 0.32
(30% at % Pt) ~ 1.24 x 10
6
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in doubt. Therefore, HINT(Pt) at room temperature is uncertain.
Berkowitz et al (BDFS-57) have conducted an extensive investigation
into the properties of Fe-Pt alloys in the composition range 10 at% Pt to
30 at% Pt. They found that the heat treatment of the alloys drastically
affected many properties of the alloys including Curie temperature and
Y -a transition temperatures. A 30 at% Pt alloy, furnace cooled from
10000C had a Curie temperature of 5020 K. Our source was furnace cooled from
about 9000C, and therefore could be expected to have a Curie temprature
of about 5000K. For this Curie temperature, an internal field at 40K of
1.38x10 6 gauss would reduce to 1.24x10 6 gauss at room temperature. If the Curie
temperature of our sample were much higher than 5000K-if it were, in fact
the 7690C of pure iron, the g-factor given by this source would still be
as high as 0.30. There is another uncertainty: the phase of the 30 at% Pt
alloy at room temperature after the heat treatment described above is,
according to Berkowitz, entirely ordered face-centered cubic r'-phase.
He did not determine at what temperature the transition to body-centered
cubicd-phase took place, if in fact it did at all. The alloy remained
completely r-phase down to 780 K. Their magnetization curves for a 27.1 at%
Pt alloy showed a decrease in magnetization at the y -*transition: i.e. the
magnetization decreased upon the transformation tod-phase. Moreover, it is
not known how closely the behavior of HINT(Pt) follows the magnetization.
If the Mossbauer experiment could have been done at liquid
nitrogen temperature, or if the angular correlation experiment could have been
done at liquid helium temperature, this uncertainty would not have arisen.
However, the Mossbauer effect at 780K is too small (Table 2) to detect
changes in apparent splitting of the order of 0.5 cm/sec. At the time this
work was done, we did not have the equipment to do angular correlation experiments
at low temperatures. The magnetic behavior of low Pt Pt-Fe alloys is
simpler; below about 15 at% Pt the Curie temperatures are high, and the
Z-o( phase transformation takes place above room temperature. Unfortunately,
Au196 sources made from such alloys would have too much Co5 6 background.
Because of the uncertainty in the internal field for the alloy
source, our final number for the g-factor of the 356 KeV level of Pt196
(see Table 21) is taken from the results of the iron wire sources.
-I 1]
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FIRST gamma ray."
From the top drawing in Figure 56, we see that the fixed counter BjI does detect the first gamma ray. Counter A can move in the first quadrant
of the x-y plane.
A compass was used to determine which pole of the electromagnetI; was the north pole for the switch position arbitrarily called Field "up".
The north pole of a compass points towards the north, and is itself a north
magnetic pole. We found (see middle drawing of Figure 56) that for the
switch position Field "up" the top pole was the north pole; therefore the
field applied by the electromagnet pointed down. For this switch position
G. The Sign of HINT(Pt)
Spehl et al (SKR-65) have determined the g(2+) value for the 328 KeV
state of Pt194 by precessing a Coulomb excitation angular distribution with
an external magnetic field. They found that g(2+ ) is positive. In our work
we measured the precessions of the 939-328 KeV, 0-2-0 and 1151-328 KeV. 0-2-0
gamma-gamma angular correlations through this same state using the internal
field at the platinum nucleus in a 3at% Ir Ir-Fe alloy wire. A small
electromagnet provided a small aligning field. From Spehl's result, and
our observation of the direction of rotation of the correlation pattern for
a known orientation of the external aligning field, we can determine the
sign of the internal field.
Frauenfelder states on page 577 of Reference 5-55:
" The correlation pattern rotates in the same direction as would a
magnetic dipole in the applied field, if the FIXED counter detects the
0939 keV
212
0+ 328 keV
Counter B
(Fixed)
II
Counter A
(Gate)
(Movable)
When field is "UP", there are fewer coincidences at 150*
Field "up"
t N
a-H (External)
S
N (6)
up
900 15008
UIp"
/1L,1
Y
Pattern Rotates
Figure 56
THE SIGN OF g(2 + ) HINT(Pt)
1<)!·
1800
1and Counter A at 1500, there were fewer coincidences. Consequently, our
correlation pattern, whose shape we measured, must have rotated in the clockwise
direction. If the internal field were pointing up, then a positive magnetic
dipole would also rotate clockwise. Since the magnetic dipole moment of the
2+ state is positive, and since the aligning field was pointing down,
HINT (Pt) is negative.INT
From the signs of the field flip effects, and the measured shapes
+
of the correlation patterns, it was easily seen that all the 2 moments
measured in this work had the same sign.
f),
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I
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not going through the 316 KeV level exclusively would affect the value of
wT measured by the 4-2-0 correlation. However, the Hungarian group's
value of wr for this level is.not so easily explained.
H. Comparison of Results with Other Experimental Work
Table 20 lists the values of wr of the 2+ levels of Pt192
Ptl 94 , and Pt 96 measured in this work, and by two other groups. All
the values for wY for both the 2+ states of Pt194 agree within
experimental errors. All agree that the g-factor of the second 2+
state is definitely smaller than the g-factor of the first 2+ state.
This result indicates that the structure of the 328 KeV and 622 KeV
levels of Pt194 are significantly different.
Our value for wT of the 316KeV level of Pt192 is much higher
than that obtained by the Hungarian group (KBDP-65) and slightly higher
the
thanAnumber of the Indian group (ABB-66). Both these groups obtained
correlation coefficients for the 468-316 KeV, 4-2-0, correlation far
below the theoretical values, but our coefficients agree with theory.
Both groups had large contributions from (600-300)KeV coincidences in
their 468-316 KeV correlation, which they did not correct for.(see Table 8).
A 4-2-0 correlation is very weak; practically any contaminating correlation
,!,5
TABLE 20
Experimental Values of wT of 2+ Platinum
Levels Obtained by Several Authors
COT
Pt 92: 316 KeV
pt194: 328 KeV
ptl94
ptl96:
622 KeV
356 KeV
This Author
-------------
0.094.* 0.007
.096 o0.007
0.089+ 0.013
(ABB-66)
0.080 o 0.005
0.099. 0.009
0.083.- 0.020
(KB DP-65)
0.063A 0.009
0.0916k 0.0067
0.078. 0.013
See Table 19
* See SeC-TION =
Level
':-p·
1I. Effect of Quadrupole Interaction
i The quadrupole interaction has been assumed to be negligble
throughout this work. If the quadrupole interaction frequency
2
S 41(21 -1)
i is small compared to the magnetic interaction frequency
I rw B = gHgN
Sits main effect is to decrease the angle of rotation of the correlation
by a small angle 8 Q. It is shown in the Karlsson, Matthias and Siegbahn
article (KMS-64), that if WBT is 4 0.10, tOQ is completely negligble
for y = B/ greater than about 10. For our magnetic moments and
internal field, '5wB is about 10-6 ev. For a quadrupole moment of
3x10-24 cm2 and an electric field gradient of 3x1017 volts/cm2, fWQ
is about 1/27x10-6 ev. One would not expect an electric field gradient
as large as this in a cubic alloy of low impurity content such as
3 at% Ir Ir-Fe alloy. We are therefore justified in ignoring quadrupole
effects.
r4-
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the first 2+ excited core state of Ptl94 (de-S-61); the higher doublet is
ignored. This model predicts the g-factors of the 3/2" and 5/2" states as:
g(3/2') = 1.2( go - 0.20)
g(5/2") = 0.4(2gc * 0.60)
where +0.60 is the magnetic moment of the ground state of Pt 1 9 5 (PY-51) and
gc the g-factor of the first 2+ state of Pt194 . However, as Figure 58 shows,
the measured g-factors of the first 2+ state of Pt194 and the 3/2" state of
Pt1 9 5 are far from agreeing with this prediction.
A. Gal (G-66) has recently considered the model in more realistic
terms by coupling the neutron to both of the first two 2 excited states of
Pt 1 9 4 and adding a small mixing of single particle state. Then the Pt 1 9 5
states would be described by a sum of three terms; the first two represent the
particle-core coupling and the third gives the single particle contribution.
'47r~ll~ mr( Ir~~~ ··~l rm·
T\I
Table 21 lists all our final values of aMT and g. Several different
models for explaining the experimental numbers are discussed.
A. Pt1 9 5
The g-factor of the 3/2" state in 78Pt1 95 is far from the Schmidt
limit of -1.27. We consider a particle-core coupling model which could
account for the two 3/2-,5/2" doublets at 99,129 KeV and 211,239 KeV (see
Figure 10). In the simplest version of this model, the 99,129 KeV doublet
-,.,~;b th rrI~A~kC~CAllit r f9 the odd( ~(1 /2\ arond satep neultron to~ only
.l48
TABLE 21
Final Values of Wol and g
HINT (Pt) = (1.23.0.10) x 106 gauss at 3000 K
Level in ps WT
Level in ps cofr g
Pt 1 92
316 KeV; 2
51( 4
(s-66)
0.094 0.o007
328 KeV; 2+
622 KeV; 2+
51 k 5
(SG-65)
(McGS-61)
83 (._ 19
(McGS-61)
43-- 5
0.096 0.007
o0.0o89+o.13
See Table 19
0.32* 0.05
0.18-.0.05
0.23*k 0.05
35b KeY; 2
219' 18
99 Kev; 3/2- (This work)
4 See Sec.'row 3C.
(GBH-66)
0.31& O0.04
- (0.04=-o0.10o)
-T-
g (3/2 ) of Pt 195
(nm)
0.4
0.5
Expe:
- 0.20)
-0,
rimental values
i
L-
0.3 0.4 0.5
gc (nm)
I
r
P -), = aE 2, 1/2-; ) + aE,I2, l,/2; J-) + 7•)1O, J; J-
J and E refer to the spin and energy of the Pt 9 5 state. The amplitudes
aE and yE are determined by the experimental values of
B(E2; J --- 1/2) d
B(E2; 2+--> )d
and B(Ml)d . In this approximation the g-factors become:
g(3/2-) = 1 2 g P(3/2-) + 1.2 E2( - 0.2) + aE( c - 0 .2
g(5/2") = Y.1 2 (5/2) + 0.4[ s 2(2g + o.6) + aE,2(2gt + 0.6)]
If we use Gal's choice of B(E2; 2+-• O+)d for Pt 1 9 6 ,
2.53x10 -49cm4 (McGS-61), we get aE2 = 40%. Substituting in y2 = 5%, our
experimental values of gc and gec, and the Schmidt limits gsp(3/2") = -1.27,
gSP(5/2") = +0.544, we get g(3/2") = -0.02 and g(5/2") = +0.44. If we use
B(E2; 2 -- , 6+) for Pt 1 9 4 , 3.89x10 49cm4 (McGS-61), we get aE = 26%,
g(3/2-) = -0.04, and g(5/2") = +0.42. The predicted value of g(3/2"), -0.04,
differs considerably from the measured value, -(0.40 + 0.10), but it is an
improvement over the single particle estimate of -1.27. The predicted value
of g(5/2-) is close to the single particle estimate of +0.544. With our
measured values of gc and gc', both g(3/2 " ) and g(5/2") are quite insensitive
to variations of aE2 if 7E is kept fixed. However, g(3/2 ") is sensitive to
the addition of higher configurations. Gal has calculated that 5% of the
)2 , 3/2 ; 3/2-> configuration would cause a change of 6g(3/2 " ) = 10.301.
He could not determine the sign of the change. This contribution is an
. It r I
off-diagonal term caused by the mixing of the 3 2+ , /2"; 3/2>) and
12±, l/2; 3/2-> states by the magnetic moment operator.
Arima and Horie (AH-54), by configuration mixing, were able to account
201
for the magnetic moment of the 3!/2 ground state of 80Hg12 (u = -0.5567 nm).
201
The zeroth order configuration of the Hg nucleus is:
Protons: (lhL 12
Neutrons: (li 12 (3P V
2
There are three configurations which contribute to the deviation of the
magnetic moment from the Schmidt limit:
1. Protons: (lha ) (lh )1
2.
2. Neutrons: (li )11 (li )1(3P )
3. Neutrons: (li ), 12(p 2 ( ) 1
If the 3/2-, 99 KeV state of 7 Ptl95 is assumed to have the configuration:
Protons: (lhu )lO
Neutrons: (li ,z )8(3p )3
201
the correction to the magnetic moment would be nearly the same as the Hg
correction, since the coefficients of mixing depend only on A, the angular
momenta, the numbers of nucleons in the configurations involved in the
mixing, and constant terms. If the configuration is assumed to be:
Protons: (lhL )10
2
Neutrons: (li, l) O3P )
the Arima-Horie prediction would be u(3/2-) = -1.03 nm. This model fails
utterly to account for the 3/2 ground state of 76 89 , u = +0.65 nm. It
predicts a magnetic moment of about +0.08 nm (NAH-58).
1k
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Freed and Kisslinger (FK-61) were also able to account for the
201
Hg magnetic moment. They assumed a pairing interaction admixing
seniority one states and considered seniority three states as perturbations.
The determination of the deviation of a magnetic moment from the Schmidt
limit then becomes the summing of the contributions of the seniority three
configurations weighted by the coefficients obtained from the pairing force
calculation.' Since they did not consider the details of the actual single
particle states, and varied parameters smoothly, their result should be
applicable to the excited state in Pt l 95
B. The 2+ State of Pt 1 96 and the Core Model for Aul 9 7
197The core-excitation model has also been applied to Au , for which
Pt 1 9 6 is the core. (Bde-S-62; de-S-65). The ground state of 79Au 1 9 7 is
3/2+. By coupling the odd d(3/2) proton of Au1 9 7 to the excited 2+ core of
Pt196 , the quadruplettof spins 1/2 + , 3/2 + , 5/2 + , and 7/2 + is formed. From
this model, one can predict the value of gc using two essentially independent
pieces of data:
1971. From the magnetic moment of the ground state of Au and several
Ml transition probabilities within the multiplet, gc is calculated to be
(0.64 + 0.0). This value is far from our measured value of (0.23 + 0.05)
for the g-factor of the 2+ state of Pt196
2. From the magnetic moment of the 1/2 , 77 KeV first excited state
of Au197 , 0.37 nm, and the Schmidt g-factor of the d(3/2) proton, 0.083, g
is calculated to be 0.41.
These two methods yield different g c and neither agrees very well with
our experimental result. In conclusion, it seems that the successes of the
core-particle coupling model lie in predicting parameters within a multiplet,
but that this model is not very accurate in accounting for magnetic moments
of one isotope in terms of the parameters of the other.
C. Pt 9 2 , Pt 9 , and Pt196
If we look at the g-factors of the first 2f states of Pt 1 92 , Pt ,
and Pt196, we see that they are far below the g = Z/A prediction of the simple
hydrodynamical model of uniform charge distribution (Figure 59). Nor is the
trend of the moments that which would be predicted for collective motion
involving only valence particles. In this picture, the rotational
gyromagnetic ratio gR, is given by
I _
R = I + I Z+ np n
where z and n are the number of protons and neutrons outside a major closed
shell. In this model, the addition of two neutrons in this region of more
than half-filled major shells lowers I n and hence increases gR : similarly the
addition of two protons decreases gR. This model is not too bad in
accouting for the measured Os 2+ moments.
If the I's are calculated assuming a stronger pairing force (G ) for
protons than for neutrons (Gn), as in the work of Nilsson and Prior (NP-60),
gR is reduced below z/z+n. This model does very well in Accounting for the
+
moments of 2 first excited states in the deformed region.
Kisslinger and Sorenson (KS-66) have recently calculated the g-factors
of the first excited 2 states of many even-even isotopes. They assume a
pairing force, plus a quadrupole interaction, and adjust their force
parameters so that their predictions for the single particle levels of
odd-A nuclei and the energies of 2 states of even-even nuclei agree with
experiment. They use their wave functions thus obtained to calculate
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B(E2)'s and magnetic moments. Their B(E2)'s agree with experiment
remarkably well. They get the following g-factors for the first 2
excited states of the platinum isotopes:
Pt-190 g o. 46
192 0.46
194 0. 47
196 0.50
198 0. 56
These g-factors are considerably higher than our experimental values.
;I
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V. ADDENDUM
194After most of the thesis was typed, a more recent Ir decay
scheme was brought to my attention. (MJ-65). Figures 60 and 61 present
some of the additions and modifications of Macarthur and Johns to the
decay scheme presented in the Nuclear Data Sheets. The decay scheme in
Figure 61, although incomplete, contains all the transitions of importance
in this work.
The first thing we note is that the absolute intensities of the
328, 294, 622, and 645 KeV gamma rays are down by factors of 3.3, 2.8, 2.6,
and 2.3 respectively. Although recent work has also been done on the
Ir192 decay scheme (JK-65), the intensities of the important gamma rays in
the decay of Ir192 remain unchanged. (See Figure 39). We mentioned in
Section III-E-3 that Ir192 and Ir194 pulse height spectra obtained with a
lithium drifted germanium counter showed anomalously large amounts of
Ir192 relative to Ir194 activity. (Figures 48-51). On the basis of this
new decay scheme, the anomaly disappears.
In Section III-E-3, we were discussing the results of the 0-2-0
645-622 KeV correlation in Pt194 . We noted the low values of A2 and A4
for the correlation. If the new decay scheme is accepted, the contamination
of the 622-645 KeV correlation by the 612-589 KeV correlation of Pt192 is
increased by a factor of 2.1. This still cannot explain the low values of
A and A4 because we strongly discriminate against this impurity correlation
by counting only the high side of the 600-600 coincidence peak. We have
analyzed the composition of the 600-600 coincidence peak by constructing a
singles peak from five Cs137 661 KeV peaks representing the 645, 622, 612,
604, and 589 KeV gamma rays. The relative intensities were determined from
157
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the new decay schemes. We then applied the 600 gate of Figure 44 to
this synthetic peak and constructed the 600-600 coincidence peak. The
selected portion of the coincidence peak (Figure 46) contained 7% 622 KeV,
600 KeV
93% 645 KeV, and less than 1% of otherAgamma rays. The high background
manifested in the low correlation coefficients remains a mystery.
Our value of wT in Table 14 was calculated assuming 9% 622 KeV and
91% 645 KeV, but in the Abstract and Tables 20 and 21, the newer proportion
was assumed.
In Section III-D-3, we calculated from the decay scheme and our
singles and coincidence pulse height spectra that the contamination of
the 939-328 and 1151-328 KeV correlations was about 10%. The new decay
scheme would raise the contamination to about 15% for the 939-328, and
to about 20%/ for the 1151-328.
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